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SPECIFICATION 

Chimeric proteins, their heterodimer complexes, and platelet 
substitutes 
Technical Field: 

y~y\\\e present invention relates to chimeric proteins 




Consisting of aY integrin and an immunoglobulin, their 
heterodimer complexes, a production process thereof, their 
applications as dr\gs and reagents, etc. Furthermore, the 
present invention r^ates to medicinal application of isolated 
extracellular max t r i xyeceptors such as integrin- 
immunoglobu I i n ch imer i c\protei n heterodimer complexes, as 
platelet subst i tutes. 
Background Arts: 

Various cells have receptors which mediate the adhesion 
between a cell and a cell and receptors which mediate the 
adhesion between a cell and an extracellular matrix, and these 
receptors play important roles in immune reaction, 
inflammatory reaction, development, morphogenesis, wound 
healing, hemostasis, cancerous metastasis, etc. By separating 
and identifying the receptors which participate in these 
phenomena, the existence of so-called cell adhesion molecules 
has been clarified. Many of the molecules identified one 
after another are classified in reference to their structural 
features into integrin superfamily, immunoglobulin 
superfamily, selectin family, cadherin family, etc. (Corlos, 
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T. M. and Harlan, J. M. , Blood, 84, 2068-2101 (1994)). Of 
these families, the immunoglobulin superfamily, selectin 
family and cadherin family mediate mainly the adhesion between 
a cell and a cell, while the i n t e g r i n s u pe r f am i I y is the so- 
called extracellular matrix receptors which mediate the 
adhesion to extracellular matrices such as fibronectin and 
collagens. In addition, extracellular matrix receptors which 
'do not belong to any of these adhesion molecule families 
include CD26 (DDPIV), CD44, GPIV, GPVI, GPIb-vWF, etc. CD26 
is a receptor for collagens, and CD44 is a receptor for 
hyaluronic acid, fibronectin and collagens ("Adhesion 
Molecules" p. 32-42, Masayuki Miyasaka (1991), Medical View 
(in Japanese)). Furthermore, it is reported that among the 
membrane glycoproteins (GPs) existing on platelets, GPIV, 
GPVI, GPIb-vWF, etc. are also collagen receptors ("Platelet 
Receptors", p. 119-132, Minoru Ohkuma et a I . , (1992), Kinpodo 
(in Japanese)). 

|J^^3^/A receptor be tanging to the integrin superfamily has a 
/x\% t e rod i mer c omp I e x \s t r u c t u r e in which two subunits, a-chain 
and /3-chain as mutually different membrane proteins are 
associated with each Ather non-covalently (Hynes, R. 0., Cell, 
48, 549-554 (1987)). iVi the past, the integrin superfamily 
was classified into thre\ subfamilies; /3 1 integrin, /3 2 
integrin and £3 integrin A Later, new $ chains and a chains 
were discovered one after V not ' i er, and presently eight /3 
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chains ( 0 1 , jB 2 (3 3 , (3 4, jB 5, (3 6 , j8 7 and £8 and fifteen a chains 
(a1,a2,a3,Q!4,a5,a6,a7,a8,a9,Q:v, aL, aM, aX, a I I b and 
aE) have been identified (Elner, S. G. and Elner, V. M. Inv. 
Ophtal. Vis. Sci., 37, 696-701 (1996)). It is known that each 
13 chain is associated with one to eight a chains, and as a 
result, 21 pairs of an a chain and a /3 chain, i.e., integrin 
molecules have been identified (Elner, S. G. and Elner, V. M. , 
Inv. Ophtal, Vis. Sci., 37, 696-701 (1996)). They include a 
4/31 (VLA-4, £1 i n tegr i n) , aL 131 (LFA-1, j8 2 integrin), aM/32 
(Mac-1, £2 integrin), a I I b f3 3 (GPIIb/llla, (3 3 integrin), etc. 
now targeted for drug development (Drug and Market 
Development, 6, 201-205 (1995)). Many other integrins are 
also expected to have relations with diseases. 

e he t e r od i rite r complex structure of an integrin plays an 
port ant role in bXnding to a ligand (Hynes, R. 0., Cell, 48, 
549-554 (1987)). Fo r\ e xample, it is estimated that the ligand 
binding region on an iiMegrin consists of both an a chain and 
a 13 chain (Hynes, R. O.Xcell, 6 9 , 1 1 -25 (1 99 2)). The fact 
that integrins having theNsame a chain but associated with a 
different f3 chain, or integrins having the same 13 chain but 
associated with a different a\ chain are respectively different 
in substrate specificity (Elner\ S. G. and €lner, V. M. , Inv. 
Ophtal, Vis. Sci. 37, 696-701 (1^96)) supports this 
assumption. On the other hand, it^ras reported that the a 
chains of some integrins have an se q\e nee called an I domain 






consisting of at) out 180 amino acids inserted in the molecule, 
and data suggesn that the I domain only could be bound to a 
ligand were reported (Ueda, T. et a I . , Proc. Natl. Acad. Sci. 
USA, 9 1, 1 0680-1 00^84 (1 994)). However, it was also reported 
that the I domain Af an a domain and the integrin as its 
original heterodimeV complex are different in the style of 
binding to a ligand YKamata, T. and Takada, Y. , J. Biol. 
Chem.,' 26 9, 26006-2 60^0 (1 9 94)). It is also not clarified yet 
whether such parameter* as specificity and affinity to a 
ligand are identical. \t is not reported that in the case of 
an integrin not containing the I domain, for example, in the 
case of Qi4j81 a partial structure only is bound to a ligand. 
^jftySl f any integ\in isolated and prepared retains its 

eterodimer c omp I e xV s t r u c t u r e , hence the ligand bfnding 
capability, it can bevused for studying the style of binding 
to a ligand in a stat e\c lose to nature. Furthermore, it can 
be used as it is as a d rV g and can also be used as a reagent 
for measuring the amount o\ a ligand in tissue or serum or as 
a material for searching fo\ adhesion inhibiting compounds 
very usefully. However, isolating and preparing an integrin 
with its function retained is saSid to be very difficult. One 
reason is that since the association between an a chain and a 
/3 chain of an integrin is maintain e\non-covalently as 
desribed before, they are easily dissociated during isolation 
and preparation. Since an integrin is \membrane protein, the 
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necessity of using a surfactant, etc. for solubilization is 
considered to be a large cause in the dissociation of the 
complex. In other words, the non-covalent preservation of 
functional structure inhibits the preparation of such an 
i n t eg r i n . 

Inspite otf the difficulty as described above, some cases 
reported, \n which an integrin heterodimer complex was 
isolated and prepared with its function retained. For cases 
of a 2 j3 1 , a 5 j3 1 an\ av/33, it was reported that the binding to 
a ligand can be detar mined by letting a liposome incorporate 
an integrin purified \y using affinity column chromatography 
(Santoro, S. A. et al.X Biochem. Biophys. Res. Comm., 153, 
217-223 (1988), Pytela,V et al. Cell, 40, 191-198 (1985), 
Pytela, R. et a I . , Me t hod \Enzymo I . , 1 44, 475-489 (1 987)). For 
other cases, it was that i f \ purified a: 5 £ 1 or av/33 is coated 
on a plate, a peptide which \nhibits the cell adhesion through 
the integrin can be selected YKoivunen, E. et al., J. Biol. 
Chem., 268, 2020 5-202 1 0 (1 9 9 3) \ Hea I y, J. M. et al., 
Biochemistry, 34, 3 948-3 9 55 (1 99^6)). For further other cases, 
it was reported that if purified \ v /3 3 or a 4 01 is coated on a 
plate,, the binding to a ligand can \e determined (Charo, I. F. 
et al., J. Cell Biol., Ill, 2795-2800^(1990), Makarem, R. et 
al., J. Biol. Chem., 2 6 9, 4005-40 1 1 (1 9L94) , Paul Mould, A. et 
al., J. Biol. Chem., 26 9, 27224-27230 (1^994)). For a still 
further other case, it was reported that r\f an extracellar 
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portion of oc I I b /3 3 heterodimer complex prepared by gene 
manipulation is coated on a plate through a complex specific 
antibody, the binding to a ligand can be determined (Gulino, 
D. et al., Eur. J. Biochem., 227, 108-115 (1995)). These 
cases suggest that to exert the function of a purified 
integrin, its heterodimer complex must be bound to or included 
in any carrier. The reason why a carrier is considered to be 
necessary is that since a heterodimeter complex is associated 
non-cova I en t I y in a solution, it tends to be dissociated and as 
a result, cannot retain its fuctional structure. In the 
finally stated case, only a molecule with a heterodimer 
complex structure is selected using a complex specific 
antibody, in a design to determine the binding in a state 
where both the chains are not dissociated from each other. 

a case requiring no carrier, it was reported that 
purified a 1 /? 1 , or a2V?1 allows the determination of the 
bonding to a ligand dependent on high concentration of metal 
ions even without using a\y carrier (Pfaff, M. et al., Eur. J. 
Biochem., 225, 975-984 (1 9M)). In this case, the surfactant 
added in the process, of purification plays a role similar to 
that of a liposome, acting a s \ carrier. For a further other 
case, it was reported that an extracellular of aM/32 
heterodimer complex prepared by u\ing gene manipulation is 
bound to a ligand (Berman, P. W. e t\ a I . , J. Cell Biochem., 52, 
183-195 (1993)). These cases do not\suggest the necessity of 
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any carrier as described before, but the disadvantage that the 
association of molecules in a heterodimer complex is retained 
non-cova I en t I y is not improved. 

As a still further other case, a chimeric protein 
consisting of ad and an' i mmunog I obu I i n is disclosed (Japanese 
Patent Laid-Open (Kokai) No. 8-507933), but only the result of 
immune precipitation is reported, without examining the 
binding to a ligand. Furthermore, since a /3 chain is not 
expressed in the chimeric protein as an immunoglobulin, the 
binding between an a chain and a j8 chain remains non- 
cova I en t . 

The. above facts suggest that any integrin with an a chain 
and a 13 chain structurally stably associated and with its 
function retained has never been successfully prepared. That 
a complex structure is unstable restricts the use of its. 
molecule. 



^ \ f the m o I e c u I e\ belonging to the integrin superfamily, 
integrin a 2/3 1 is an Extracellular matrix receptor found to be 
expressed in T cells, platelets, etc. activated for long time. 
However, it was r epo r t ed\ t h a t the a 2 01 on the cell surfaces 
of platelets and fibroblasts is bound to collagens only and 
that the a 2 /3 1 on the surfaces of vascular endothelial cells 
is bound to both collagens arid laminins (Elices, M. J. et al., 
Proc. Natl. Acad. Sci. USA, 88y 9906-9910 (1989)), and it is 
speculated that the function o f\ a 2 j3 1 becomes different, 
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depend i ng on cells. 

In relation to the conditions of diseases, there are 
reports to\ suggest that integrin a 2/3 1 plays an important roll 
for wound haaling and cancerous metastasis (Shiro, J. A. et 
al., Cell, 6^, 403-41 0 (1 99 1 ), Chen, F. et al., J. Exp. Med., 
173, 1 1 1 1-11 1 9\ (1 991) , Chan, B. M. C. et al., Science, 251, 
1600-1602 (1991\). Furthermore, it was reported that from the 
analysis of platelet function of patients with bleeding 
tendency, the adherence of platelets and collagens through 
integrin al (3 ] ha s\ close relation with the first step of 
he mo stasis and thrombosis process (Nieuwenhuis, H. K. et a l. f 
Nature, 3 1 8, 470-472 U 1 985) ) . Though the relations of 
integrin a 2 /3 1 with conditions of diseases are suggested like 
this, any medical application of using the integrin a2j31 
protein and other isolated extracellular matrix receptor 
proteins under physiological ion condition or in the presence 
of plasma components . has n <m been examined. 

On the other hand, the necessity for artificial 
subs t i tu tes of platelets used as blood preparations in the 
clinical field is growing, and various attempts have been 
reported (Progress of Medicine 179, 406-407 (1996), Clinical 
Blood 37, 1353-1361 (1997) (respectively in Japanese)). 
However, they are not yet practically available. 
Disclosure of the Invention: 

The present invention relates to chimeric proteins in 




which the a cha\in and /3 chain of an integrin are combined 
with the heavy crlain or light chain of an immunoglobulin, 
their h e t e r o d i me r\ c omp I e x e s , a production process thereof, a 
methodfor testing\the binding of an integrin-immunoglobulin 
chimeric protein heyerodimer complex to a ligand and a cell, 
substances bound toYin integrin obtained by using the method, 
a method for searching for a. substance inhibiting the binding 
between an integrin a \ d a ligand using the integrin- 
immunogobulin chimeric \protein heterodimer complex, substances 
for inhibiting the bindXng, and the application of integrin- 
immunoglobulin chimeric nrotein heterodimer complexes as drugs 
and reagents. Furthermore, the present invention relates to 
platelet substitutes containing an integrin-immunoglobulin 
chimeric protein heterodimar complex or any other isolated 
extracl lular matrix receptor as an active ingredient. 
Brief Description of the Drawings: 

Fig. 1 shows that o;4-lgG heavy cha i n- (3 1 • 1 gG heavy chain 
^fiimeric p r o t e i n \h e t e r od i me r complex is bound to VCAM-1 
expressing cell, and that the binding is inhibited by an anti- 
integrin antibody mr EDTA, a cationic chelating agent. 

Fig. 2 shows that a4 • I gG heavy cha i n- /3 1 ■ I gG heavy chain 
chimeric protein heterodimer complex is bound to CS-1 peptide, 
and that the binding is inhibited by an anti-integrin antibody 
or EDTA, a cationic chelating agent. 

Fig. 3 show^that the binding between o;4-lgG heavy 
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chain-/31IgG he\vy chain chimeric protein heterodimer complex 
and CS-1 piptide\is inhibited by GPEILDVPST, and is not 
inhibited by any\ther peptide. 

Fig. 4 shows that a2-lgG heavy chain-/31gG heavy chain 
chimeric protein heterodimer complex is bound to a collagen, 
and that the binding is inhibited by an a n t i - i n t eg r i n antibody 
and EDTA, a cationic chelating agent. 

Fig. 5 shows that a:2-lgG heavy chain-/31lgG heavy chain 
chimeric protein heterodimer complex liposome is bound to a 
collagen in the presence of plasma. 

Fig. 6 shows that the binding of o;2-lgG heavy chain-j8 
1 I gG heavy chain chimeric protein heterodimer complex liposome 
to a collagen is inhibited by an an t i - i n t egr i n antibody or 
EDTA, a cationic chelating agent. 
The Best Embodiments of the Invention: 

The extracellular matrix receptors in the present 
invention refer gene r a I I y ' to the receptors which mediate the 
adhesion between a cell and an extracellular matrix. The 
receptors include the integrin superfamily having a 
heterodimer complex structure in which an a chain and a /3 
chain are non-cova I en t I y associated with each other as two 
membrane proteins (Corlos, T. M. and Harlan, J. M. Blood, 84, 
2068-2101 (1994)), and other receptor s such as CD26 (DDPIV), 
CD44, GPIV, GPVI, GPb-vWF, etc. The integrins in the present 
invention refer to molecules belonging to the integrin 
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superfamily, and also include the isomers of the molecules 
belonging to the family. The a chains of the present 
invention include 15 a chains, i.e., a 1 , a 2 , a 3 , a 4 , a 5 , a 6 , a 
7, a8, a9, av, aL, aM, aX, a I I b and aE, and among them, a4 
and al are preferable, though preferable a chains are not 
limited to them. The /3 chains of the present invention 
include eight (3 chains, i.e., 13 1 , j8 2 , 0 3 , (3 4 , (3 5 , (3 6 , (3 7a n d £8 
and among them, j8 1 is preferable, though preferable 0 chains 
are not limited to it. The integrin molecules as pairs 
respectively consisting of an a chain and a 0 chain include 
the twenty one integrins stated in Elner, S. G. and Elner, V. 
M. , fnv. Ophtal. Vis. Sci., 37, 6 96-70 1 (1 996), though not 
limited to them. 

chimeric protein consisting of the a chain of an 
i n t e g r i n\n d the heavy chain or light chain of an 
i mmunog I obu i\n refers to a molecule in which the extracellular 
region of the c hain of an integrin is bound to the constant 
region of the hea v\ c hain or light chain contained an 
immunoglobulin. In t nvi s case, a chimeric protein in which N 
terminus side of the pr o\e in is integrin molecule and then 
connected to an immunoglob u\i n molecule side by side is 
preferable. A chimeric pro t era cons i s t i ng of the 13 chain of 
an integrin and the heavy , chain oK light chain of an 
immunoglobulin refers to a molecule ra which the extracellular 
region of the 13 chain of an integrin i s^o und to the constant 
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region of the heavy chain or light chain contained in an 
immunoglobulin. Also in this case, a chimeric protein in 
which N terminus side of the protein is an integrin molecule 
and the\n connected to an im m n,o globulin molecule side by side 
is preferable. In either case of a chain or £ chain, a 
ch i me r i c \p r o t e i n bound to the heavy chain of an immunoglobulin 
is p r e f e r \b I e . 

The isotype of the immunoglobulin to be bound to the a 
chain or f3 chain is not especially limited. Any of IgG, IgM, 
I gA and I gE can be used, but it is preferable to use IgG. The 
subclasses of IgG include IgGi, I gG 2 , I gG 3 and lgG4, but it is 
preferable to use IgGi. Furthermore, it is possible to use a 
molecule with a dimer structure having a disulfide bond 
between molecules instead of the immunoglobulin. 

hi the pr.esentXinvention, a molecule in which a chimeric 
pr^fein consisting oK the a chain of an integrin and the heavy 
chain or light chain o\ an immunoglobulin and a chimeric 
protein consisting of tnte 13 chain of the integrin and the havy 
chain or light chain of t\e i mmunog I obu I i ne are associated 
with each other is called aSn i n t egr i n- i mmunog I obu I i n chimeric 
protein heterodimer complex. \ In this case, a combination 
consisting of a chain -immunoglobulin heavy chain (which means 
a chimeric protein consisting orVan a chain and the heavy 
chain of an immunoglobulin; hereinafter this applies) and £ 
chain -immunoglobulin heavy chain, a\comb i na t i on consisting of 
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a chain - immunoglobulin heavy chain and 13 chain- 
immunoglobulin light chain, and a combination consisting of a 
chain -imminoglobulin light chain and (3 chain -immunoglobulin 
heavy chain are preferable. A combination consisting of a 
cha i n ■ i mmunog I obu I i n heavy chain and j8 cha i n • i mmunog I obu I i n 
heavy chain is more preferable. 

t\e i n t egr i n- i mmu nog I obu I i n chimeric protein 
e rod i me X comp I ex of the present invention, the a chain can 
be a 1 , a 2 , ot\ , a4, a5, a6, 0£7, a8, a9, av, aL, aU, aX, a I I b or 
a E , and the \ chain can be (3 1 , £ 2 , & 3 , £ 4 , (3 5 , (3 6 , jS 7o r j88, It 
is preferable tViat the a chain is a 4 or a 2 and that the 13 
chain is j81, though preferable chains are not limited to them, 
e process for preparing an integrin-immunogloburin 
imeric protNein heterodimer complex is described below, but 
the process isyiot limited thereto. 

A d\ A coding for the a chain and /3 chain of an integrin 
n be obtained using the information of known cDNA sequences 
by such a m\ t hod as gene amplification based on the PCR 
method, cDNA \l o n i ng or DNA synthesis. For example, the DNA 
sequences of aX and /3 1 are already reported in literature 
(Takada, Y. et a l\ EMBO J., 8, 1 36 1 - 1 368 ( 1 989), Scott 
Argraves, W. et a I . , \J . Cell Biol., 1 05, 1 1 8 3- 1 1 90 (1987)). A 
DNA coding for the a c\a i n and f3 chain of an integrin can 
also be obtained by the e xvP ression cloning using an antibody, 
etc. For binding to a DNA ceding for the constant region of 





an immunoglobulin, it is desirable to take out a DNA coding 

or the extracellular portions only of the a chain and /3 
chain of an integrin. For this purpose, it is preferable to 

se\the PCR method and DNA synthesis. The extracellular 
portrcn of either an a chain or £ chain refers to the 
polypeptide sequence on the N terminus side from the portion 
speculate^ to be the transmembrane portion. Its partial 
sequence c\ n also be used as far as the ligand binding 
capability i\ retained, but it is preferable to use most of 
the portion considered to be an extracellular region. For 
taking out a DNA. it is necessary to adjust for adaptation of 
frames after linkr\ng to a DNA coding for an immunoglobulin. 
For example, this caji be achieved by modifying the primer when 
a DNA fragment is tak\n out by the PCR method. In this case, 
it is desirable to desigui for ensuring that amino acid 
modification is not causeV by the base substitution of the 
primer. However, amino acrd substitution is allowed as far as 
the function of the chimeric\protein is not changed. For 
obtaining a DNA by chemical synthesis, the purpose can be 
achieved by designing a sequence\to ensure the linking to a 
DNA coding for an i mmunog I obu I i n. \ I n t he case of cDNA, a DNA 
capable of being bound to a DNA codVng for an immunoglobulin 
can be prepared by using DNA f ragmen t\t i on and a synthetic 
DNA. . 




Then, a DNA codi\g for an immunoglobulin is prepared. In 
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the present invent i an, it is desirable to use DNAs coding for 
the heavy chain and llight chain of a human immunoglobulin, but 
DNAs coding for an immunoglobulin of another animal species 
can also be used. The preparation of a DNA coding for human 
IgG is already reportad (Ellison, J. W. et al., Nucleic Acids 
Res., 1 0, 4071-4079 ( 1 B 8 2 ) ) , but the preparation is not 
limited to this method A Any method similar to the above 
mentioned method for preparing DNAs coding for the a chain and 
f3 chain of an integrin Van also be used. In the present 
invention, for the heavy\chain of a human immunoglobulin, it 
is preferable to use a genomio DNA, but a cDNA can also be 
used. As the DNA for the\heavy chain of a human 
immunoglobulin, it is preferable to use a portion coding for 
the hinge region, CH2 region or. CH3 region, but a DNA coding 
for the entire constant reglion of CHI ~ CH3 can also be used. 
For the light chain of an immunoglobulin, a DNA coding for the 
IL region is used. Finally,! a DNA coding for the 
^/ extracellular portion of an \a chain or j8. chain and a DNA 
coding for the constant region of human immunoglobulin heavy 
chain are linked with in frame. The obtained DNA codes for a 
polypeptide starting from the! methionine of translation 
initiation and having the signal sequence of the a chain or /3 
chain of an integrin, its extracellular region and the 
constant region of human immunoglobulin heavy chain linked in 
this order. 
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\~\ A he DNA ceding for a chimeric protein consisting of the a 
lain of an intVegrin and the heavy chain or light chain of an 
immunoglobulin,\or the DNA coding for a chimeric protein 
consisting of tha j8 chain of an integrin and the heavy chain 
or light chain o f \ a n immunoglobulin respectively obtained in 
the above is functionally linked in a proper expression 
control sequence, ta obtain a recombinant vector. The general 
methods concerning gme recombination such as the method for 
preparing the recombinant vector, the method for transfecting 
it into a cell are described in a published book ("Molecular 
Cloning", Sambrook et a IV, (1989) Cold Spring Harbor Lab. 
Press, New York), but the\methods are not limited to those 
stated there. In the pres\ent invention, it is desirable to 
use an expression control Sequence suitable for protein 
expression in animal eel Is. \ For example, for manifestation of 
i n s e c t . c e I I s , polyhedrin promotor, p 1 0 promotor, etc. are 
generally used as expression control sequences, and for 
expression of other animals' cells, SRa promotor, 
cytomegalovirus derived promoto\r, simian virus 40 derived 
promotor, polyhedrin promotor, □ 1 0 promotor, etc. are used. 
However, the expression control sequences are not limited to 
them. In the present invention, \i t ■ i s preferable to use S R a 
promotor. 

If the obtained recombinant vector is transfected into a 




cell, a cell capable\f producing an i n t eg r i n- i mmu nog I o b u I i n 
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chime r\*c protein heterodimer complex can be obtained. In this 
case i^ is preferable to use an animal derived cell as a host 

)For exa\nple, COS cell (simian renal cell), CHO cell (Chinese 
Hamster \ovarian cell), S f 9 (insect cell), etc. are generally 
used as Ijosts. Furthermore, myeloma cells such as P3U1 and Y3 
can also lie used. Other established cell lines and cloned 
cells can Also be used, but the cells used as hosts are not 
limited to \h e m . In the present invention, it is preferable 
"To use a u hfl 

G/^ v l\\x^ t ' S ' <nown tl \ t the metlloci s for transfecting a 

^f^co mbinant vector iVito a cell include the lipofectin method, 
calcium phosphate met\od, electroporation method, etc., and 
any of the methods can W used. The method is not limited to 
them. It is p r ef e r ab I e \ ha t when a cell is transfected by 
using a recombinant vectoX, a recombinant vector for 
expression of a chimeric' protein consisting of the a chain of 
an integrin and the heavy c h\ i n or light chain of an 
immunoglobulin and a recombinant vector for expression of a 
chimeric protein consisting of\the j8 chain of the integrin and 
the heavy chain or light chain Af the immunoglobulin are 
transfected into the cell one aft\er another using different 
drug resistance markers. The recombinant vectors can be 
transfected in any order or simultaneously. It is desirable 
that the two recombinant vectors to eke transfected are vectors 
for expression of a combination consisting of a chain • 
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immunoglobulin heavy chain (which means a chimeric protein 
consisting of an a chain and the heavy chain of an 
immunoglobulin; hereinafter this applies) and j8 chain- 
immunoglobulin heavy chain, or a cha i n ■ i mmunog I obu I i n heavy 
chain and /? chai n • i mmunog I obu 1 i n light chain, or a chain- 
i mm i nog I obu I i n light chain and £ cha i n • i mmunog I obu I i n heavy 
chain. Any of these combinations can be adopted, but a 
combination of recombinant vectors for expression of a chain 
immunoglobulin heavy chain and (3 chain ■ immunoglobulin heavy 
chainisdesirable. 

n any t rans f ec t i on\me t hod and any combination of vectors, 
important to selectNa cell which is transfected by the 
(/^Mwo recombinant vectors and\produces a chimera- protein 

consisting of an a chain andyhe heavy chain or light chain of 
an immunoglobulin and a chimer<\protein consisting of a /3 
chain and the heavy chain or I i gkt chain of an immunoglobulin 
simultaneously almost by the same \raounts. This can be 
achieved by measuring the amounts oft the chimeric protein 
consisting of an a chain and the heaV chain or light chain of 
an immunoglobulin and a chimeric proteiVi consisting of a j8 
chain and the heavy chain or light chai n\ o f an immunoglobulin 
produced in the cultured supernatant solution of the cell 
transfected by the recombinant vectors. Fo\ measurement, for 
example, the transfected cell can be culture^ in a medium 
containing 35 S according to any publicly known \me t hod , for 
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labeling the proteins, and the amounts of the chimeric protein 
consist ing of an a chain and the heavy chain or light chain of 
an i m mbi n oglobulin and a chimeric protein consisting of a /3 
chain amd the heavy chain or light chain of an immunoglobulin 
existing \n the cultured supernatant solution can be estimated 
by immunop precipitation using an anti-a chain antibody or an 
anti-/3 chai\ antibody respectively. As another method, the 
amounts the chimeric protein consisting of an a chain and the 
heavy chain or\ light chain of an immunoglobulin and a chimeric 
protein consisting of a /3 chain and the heavy chain or light 
chain of an i mmurkog I obu I i n existing in the cultured 
supernatant solution can be estimated according to the EL I S A 
method using an ant V- human immunoglobulin antibody and an 
anti-a chain antibodV or an ant i - /3 chain antibody. Anyway, 
it is preferable to sere ct a clone which produces almost the 
same large amounts of th\ chimeric proteins of the a and f3 
chains in the culture supernatant , for preparing an integrin- 
immunoglobulin chimeric protein heterodimer complex. The 
methods for labeling protei n\ , the methods of 
i mmunop r ec i p i t a t i o n and the general methods of EL I S A are 
described in a published book (\Antibody" Harlow, E. , and 
Lane, D. (1988), Cold Spring Harb\r Lab. Press, New York), but 
the methods are not limited to the m\ Any other method can 
also be used for detecting chimeric proteins. 

The obtained transfected cell can be cultured according to 
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a general cell culture method, to produce an integrin- 
immunoglobulin chimeric protein heterodimer complex. It is 
preferable that the medium contains about 5% of serum of a low 
immunoglobulin concentration, but any generally known serum- 
containing medium or a serum-less medium can also be used. 
After completion of cell culture, the cells and solid matter 
are removed by such operation as centrifugation, and the 
culture supernatant containing an integrin-immunoglobul in 
chimeric protein heterodimer complex is collected. 

It can be estimated that the cultured supernatant solution 
contains not only the integrin-immunoglobulin chimeric 
proteins in which the chimeric protein consisting of an a 
chain and the heavy chain or light chain of an immunoglobulin 
and a chimeric protein consisting of a j3 chain and the heavy 
chain or light chain of an immunoglobulin form a heterodimer 
complex, but also the chimeric protein consisting of an a 
chain and the heavy chain or light chain of an immunoglobulin 
and a chimeric protein consisting of a j3 chain and the heavy 
chain or light chain of an immunoglobulin which do not form 
the heterodimer complex. However, since the molecules other 
than the heterodimer complex cannot be bound to a ligand, the 
supernatant solution can be used as a reagent for testing the 
binding to a ligand or cell, or searching for a substance 
inhibiting the binding between an integrin and a ligand, or 
for searching for a substance capable of being bound to an 
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integrin, or for measuring the ligand amount of an integrin. 
These methods of utilization are basically the same as those 
for using a purified integrin-immunoglobulin chimeric protein 
heterodimer complex described later. 

integrin-immunoglobulin chimeric protein heterodimer 
complex Van be purified by an established method using a 
protein A \ o lumn chromatography by use of the nature of the 
immunoglobulin portion. Furthermore, affinity chromatography 
using an anti b\ d y against - the a or /3 chain can also be used. 
Moreover, the p u\i fication can also be achieved by affinity 
chromatography w i t\ a ligand bound to a carrier. General 
chromatographic met h\ d s can also be used in combination' for 
the purification. If\ublicly known cases in which integrin 
molecules are purified fty these methods (Pytela, R. et a I . , 
Methods Enzymol., 144, 47\-489 (1987), Santoro, S. A. et al., 
Biochem. Biophys. Res. Comnk, 1 5 3 , 2 1 7-2 2 3 (1 988), Charo, I.F 
et al., J. Cell Biol., 111, \ 7 9 5 - 2 8 0 0 (1 990), Makarem, R. et 
al., J. Biol. Chem., 2 6 9, 400 5^40 1 1 (1 994) , Pfaff, M. et al., 
Eur. J. Immunol., 225, 975-984 Vl 994) , Gulino, D. et al., Eur 
J. Biochem., 227, 108-115 ( 1 9 9 5) \ e t c . ) a r e applied, the 
purification of an integrin-immunaglobulin chimeric protein 
heterod imer complex can h ft ach ipvPi 

purified i n t egr i n\i mmunog I obu I i n chimeric protein 
erodimer complex can b& identified as a protein showing -at 
least one band under n o n- r ad u c i n g condition and at least two 
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bands under reducting condition by SDS-PAGE. It can also be 
confirmed from it, that the heterodimer is linked by the 
disulfide bond between immunoglobulin heavy chains. It 
sometimes occurs tha\t a plurality of bands are detected under 
reduction, but this i\s considered to be probably because 
intramolecular clearage of the a chain has occurred. 
Especially, with a4,tnis phenomenon is known (Hemler, M.E. et 
al., J. Biol. Chem., 2S2, 11478-11485 (1987)). Furthermore, 
it can be confirmed by\the Western blotting method that the 
respective bands indicate chimeric proteins. As another 
method, it can be confirmed by said ELISA method combining an 
anti-a chain antibody, a At i — jS chain antibody and anti-human 
immunoglobulin antibody, tYiat the obtained molecule is an 
integrin-immunoglobul in chimeric protein heterodimer complex. 
That is, the molecule can ba identified as a protein molecule 
with epitopes for all the anvtibodies. As a further other 
method, an i n t egr i n- i mmunog I Abu I i n chimeric protein 
eterodimer complex can also oe identified by 

mmunoprecipitation. In this\case, if the purified protein is 
labeled by 35 S, or 125 l or biotiln, etc. according to any known 
method, and i mmu nop r ec i p i t a t e d using an anti- a chain antibody, 
anti-/3 chain antibody and anti-thuman immunoglobulin antibody, 
the same electrophoretic pattern! can be obtained in every 
case. So, it can be confirmed t Aa t the integrin- 
immunoglobulin chimeric protein heterodimer complex has the 



22 



intended structure. Furthermore, even if a condition to 
dissociate the in \e grin complex on a cell membrane such as the 
coexistence of EDTA or boiling in the presence of SDS is 
applied, the i mmu n o ar e c i p i t a t i o n pattern is not changed. So, 
it can be confirmed Khat the obtained integrin- immunoglobulin 
'chimeric protein hete\odimer complex is a structurally 
stabilized complex. Tl\e methods for confirming an integrin- 
immunoglobulin c h i me r i c \p r o t e i n heterodimer complex are not 
limited to those stated afoove. 

oX^X he binding b ween a prepared integrin-immunoglobulin 
himeric protein heXerodimer complex and a ligand can be 
tested as described b\elow. After a ligand and an integrin- 
immunoglobulin chimeri\ protein heterodimer complex are 
brought into contact w i M each other, to make a mixture, the 
amount of the integrin-im\nunoglobulin chimeric protein 
heterodi meter complex bounV to the ligand or the amount of the 
ligand bound to the i n t e g r i iv- i mmu n og I o bu I i n chimeric protein 
heterodimeter complex is measVred. The amount of an integrin- 
immunoglobulin chimeric proteifii heterodimer complex can be 
measured by labeling the complex itself by a fluorescent' dye 
or enzyme or radioisotope, etc. Vhe amount of a ligand can 
also be measured by any similar me\hod. A detection method 
such as SPA (Amasham) can also be u\ed for the measurement. 
Furthermore, any reagent which can racognize a complex or 
ligand labeled by a fluorescent dye, t^nzyme or radioisotope, 
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etc. can also be used for the measurement. The reagent for 
recognizing an integrin- immunoglobulin chimeric protein 
heterodimer complex can, for example, be an anti-human 
immunoglobulin antibody. In this test, it is preferable to 
bind the molecule to be detected, to any carrier such as a 
bead or plate. As a ligand, its entire molecule can be used, 
but a portion retaining the binding activity to an integrin 
can also be taken out for use. For example, for integrin a4/3 
1 or integrin a 2(3], its ligand, fibronectin or collagen or 
its peptide fragment bound to a carrier can also be used. 

Methods similar to the above can be used to test the 
binding between an i n t egr i n- i mmunog I obu I i n chimeric protein 
heterodimer complex and cells. The amount of the cells bound 
to a complex can be measured by labeling the cells by a 
fluorescent dye or radioisotope or using a reagent reacting 
with the cells, for example, an antibody reacting with a 
surface antigen. If something like a tissue section is used 
instead of cells, the amount of the bound integrin- 
immunoglobulin chimeric protein heterodimer complex is 
measured by any of the above mentioned methods. 

The methods for examining the binding between an 
integrin-immunoglobulin chimeric protein heterodimer complex 
and a ligand or cell described above can be used for obtaining 
a substance inhibiting the binding between an integrin and a 
ligand, for example, for obtaining' an antibody, polypeptide, 
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peptide or low molecular weight compound. It is preferable to 
premix a sample and an integrin-immunoglobulin chimeric 
protein heterodimer complex, and then to measure the amount of 
the integrin-immunoglobulin chimeric protein heterodimer 
complex bound to a ligand in any of the above mentioned 
measuring systems. If the amount of the bound integrin- 
immunoglobulin chimeric, protein heterodimer complex is lowered 
by adding a certain sample, it can be judged that the sample 
has inhibitory activity. However, in this sytem, a substance 
with metal ion chelating action or a substance with surfactant 
action, etc. may give a false positive result. The sources of 
samples used include the following integrin bound substances, 
peptide fragments of ligands, t h e i r , d e r i v a t i v e s , marketed 
compounds, etc., but are not limited to them. 

case where * purified integrin was coated on a plate to 
for a peptid\ to be bound was reported (Healy, J. M. et 
al., Biochemistry 34\3948-3955 (1995)). Even if the 
i n t egr i n- i mmunog I obu I i iq chimeric protein heterodimer complex 
obtained in the present \invention is used, a substance to be 
bound to an integrin can\be similarly searched for. 
Especially when the chemir\c protein heterodimer complex of 
the present invention is us^d, the operation to remove the 
non-specifically bound substances can be effected under more 
severe conditions. So, the operation can be simplified 
advantageously. Furthermore, si\ce the complex is not 
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dissociated during operation, a bound substance can be 
selected more specifically advantageously. Known sources 
suitable for selecting bound substances include a phage 
peptide library (e.g., Scott, J. K. and Smith, G. P., Science, 
249, 386-390 (1990)) and a DNA oligomer library (e.g., 
O'Connel, D. et al., Proc. Natl. Acad. Sci. USA, 93, 5883-5887 
(1996), but in the present invention, it is preferable to use 
the former. 

Furthermore, the method of testing the binding between an 
i n t egr i n- i mmunog I obu I i n chimeric protein heterodimer complex 
and a ligand or cell can also be used as a method for 
measuring the amount of an integrin ligand in a body fluid or 
tissue. 

( 
\. 

Moreover, the i n t egr i n- i mmunog I obu I i n chimeric protein 
heterodimer complexes of the present invention can also be 
used as drugs. The present invention has clarified that 
integrins and other isolated extracellular matrix receptors 
can be used as platelet substitutes. 

p\)3^)An ex t race lSJ u I ar matrix receptor preferably used as a 
p/fa telet substit u\e is an integrin. The a chain of the 
integrin* can be al ,\a 2 , a: 3 , a 4 , a 5, a 6 , a 7, a8, a9, av, a L, a M, a 
X,allb or aE, and amtong them, al is preferable. The j3 chain 
can be £ 1 , £ 2 , 13 3 , j3 4, 0s5 , 13 6 , 13 7o r j38, and among them, (3 1 is 
preferable. Integrin a r\B 1 is more preferable. The receptor 
source for isolation can b\ a tissue or cell expressing an 
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extracellular matrix receptor, or a dissolved membrane 
fraction of a recepttor expressing cell prepared by gene 
manipulation, etc. \ I t is more preferable to design for 
obtaining a soluble arotein by modifying a receptor gene by 
gene recombination, and to use the cultured supernatant 
solution of the cells \capable of producing it, as a source. 
Furthermore in the design of the soluble protein, it is 
preferable that the functional structure of the extracellular 
matrix receptor is retained. For example, it is desirable to 
use an integrin-immunoglobulin chimeric protein heterodimer 
complex obtained by modifying the heterodimer structure of an 
integrin to allow its a ind 13 chains to be covalently 
associated with each othen. As the i n t egr i n- i mmunog I obu I i n 
chimeric protein heterodimer complex, it is preferable that 
the a chain of the integriln is oH,a2,a3,a4, a5,a6,a7,a'8,a 
9,av,aL,aM,aX,o:llb or at, and among them, a 2 is more 
preferable. Furthermore, it is preferable that the 13 chain is 
£ 1 , j82, £3, 04, j85, j3 6, 137 or\/38,and among them, /3 1 is more 
preferable. It is further mpre preferable that the a chain is 
a 2 and that the 13 chain is 181. The platelet substitute of 
the present invention is d es clr i bed be I ow mainly in reference 
to a typical extracellular matrix receptor, integrin a 2 13 
1 - i mmunog I o I ub I i n chimeric proltein heterodimer complex, but 
the present invention is not lymited thereto or thereby. 
To confirm the applicability of a purified integrin- 
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immunoglobulin chimeric protein heterodimer complex as a drug, 
the purified protein itself is used for examining its 
pharmacological activity. For obtaining higher capability of 
being bound to an extracellular matrix, it is more preferable 
to use an i n t egr i n- i mmunog I o b u I i n chimeric protein heterodimer 
complex bound to a carrier such as a lipid or protein polymer, 
etc., but the present invention is not limited to this method. 

r u ^ as a Platelet substitute, it is preferable to bind 
integrin V 2 (3 1 - i mmunog I o I u b I i n chimeric protein heterodime-r 
complex to a ^posome cova I en t I y' accord i ng to the method 
stated in a report (Martin, F. J. et al., Biochemistry, 20, 
4229 (1981)). THte carrier can also be any other drug carrier 
than a liposome as\far as its use for drugs is permitted. If 
a liposome is used as the carrier, the liposome is prepared 
according to the composition and method stated in a published 
book "Preparation and Experiments of Liposomes (in Japanese)", 
Oku, N. (1994), H i rokaw^ Sho t en) , but a preferable method is 
such that the epitope bouYd to the extracellular matrix of an 
integrin a 1 13 1 - i mmunog I o I u\) I i n chimeric protein heterodimer 
complex is exposed outside t\e liposome membrane. 

& >^For confirming that an integrin a2/31-immunoglolublin 
Chimeric protein h\terodimer complex is bound on the prepared 
liposome carrier, a \ low cy tometer is used. The reagents 
which can be used f o r V ecogn i z i ng the integrin a2 P 
1 - i mmu nog I o I ub I i n chimeric protein heterodimer complex include 
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an anti-integriVi a 2 antibody, anti-integrin /3 1 antibody, 
anti-human immunoglobulin antibody, etc. If the antibody used 
is fluorescently\abeled, it can be used for determination 
directly, but if \\ is not f I uo rescen t I y labeled, a secondary 
antibody which recognizes the immunoglobulin class of the 
animal species usedVor preparing the antibody is used as a 
luorescent label. a further other confirmation method, 

the integrin a 2 1 - i mmu nog I o I u b I i n chimeric protein 
heterodimer composite iV self can be labeled by an enzyme or 
radioisotope, etc., for Confirmation in proper combination 
with a color dye or radioactivity measuring instrument, etc, 
To examine \he extracellular matrix binding capability 
dsing an integrin \a2j31-immunoglolub I in chimeric protein 
heterodimer comp I ex\ I i posome, it is preferable to suspend the 
integrin a 2 j8 1 - i mmu n\g I o I u b I i n chimeric protein heterodimer 
complex liposome into \ buffer with a physiological cation 
concentration or plasma. \ The buffer with a physiological 
cation concentration refera to a buffer containing at least 
cations such as Mg ions or \a ions and adjusted to about 
neutrality. The plasma is pnepared by processing the blood 
collected in the presence of a\ anticoagulant, according to a 
general plasma preparation methyl. As the anticoagulant, for 
ex'ample, heparin or EDTA solution\can be added by sufficient 
units. A marketed normal plasma, Coagulation factor deficient 
plasma or serum, etc. can also be us\d. However, if the 
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anticoagulant used lowers the cation concentration, cations 
are added to achieve a physiological concentration later. 
Then, the integrin a2/31-immunoglolublin chimeric protein 
heterodimer complex liposome is mixed with an extracellular 
matrix or its fragment coated on a carrier for a certain time, 
to judge whether binding takes place. It is preferable that 
the coating of the extracellular matrix or its fragment as a 
solid phase is achieved by using a plastic plate, etc., but 
marketed beads for coating an extracellular matrix as a solid 
phase, etc. can also be used. When a collagen is used as the 
extracellular matrix, any animal species and type can be used. 
The binding reaction between an integrin a2/?1-immunoglolublin 
chimeric protein heterodimer complex liposome and an 
extracellular matrix is e f f e c t e d a c c o r d i n g to a general method 
adopted for observing the adherence reaction of platelets. In 
many cases, they are allowed to stand mainly in a static 
system for a certain time, to induce binding to the matrix, 
but it is preferable to apply a shaking or shear stress, etc. 
^iTj^^he integrin a 2y8 1 - i mmu nog I o I u b I i n chimeric protein 
heterodimer complex liposome is bound to an extracellular 
matrix under the conditions as described above, and the amount 
of binding is measured b y\ a pplying the above mentioned ELISA 
method using an anti-human\immunoglobulin antibody. For more 
accurate determination, it i\ desirable to immobilize the 
liposome bound to the matrix b\ ]% glutaraldehyde, etc. As 
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another method than the ELISA method, for example, if a radio- 
labeled lipid is incorporated into the liposome beforehand, 
the amount of the liposome bound to the extracellular matrix 
can be obtained as radioactivity. Furthermore, to 
qualitatively judge the binding and covering degree to the 
extracellular matrix,, a labeled antibody for recognizing the 
integrin a2/31-immunoglolublin chimeric protein heterodimer 
complex on the bound liposome can be combined with a color 
dye, etc., to dye the portions where the liposome is bound. 
It is more preferable that the generally used tissue antibody 
dyeing method is used to use a peroxidase labeled antibody 
against the integrin a 2 0 1 - i mmunog I o I u b I i n chimeric protein 
heterodimer complex and d i am i nobenz i d i ne in combination, but 
the measuring method is not limited to it. As a further other 
method, the area covering the extracellular matrix can be 
obtained as a covering rate using an image processing 
analyzer. 



as 




fethods for examining the hemostasis-of platelets include 
t^s ting the adhering c\ p ability of platelets to the 
extracellular matrix anoy the agglutination capability induced 
by a collagen ("Handbook \n the Examination of Blood 
Coagulation (in J apanes e) " ,\ p. 6 5-78, Fukutake, M. and 
Fujimaki, M. (1987), Uchudo r^agi Shoten, Santro, S.A., Cell, 
46, 9 1 3-920 (1 986) , ' Let hagen, V and Rugarrn, P., Thrombo 
Haemost., 67, 1 85- 1 86 (1 98 2)). \E s p e c i a I I y the adhering 
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capability of platelets to the extracellular matrix is an 
indicator of primaVy hemostasis. The adhering capability is 
evaluated by usingYlood as it is, or platelet rich plasma or 
platelets washed by \ buffer with physiological ions. 
Therefore, whether oryiot the integrin a2/?1-immunoglolublin 
chimeric protein heter&dimer complex liposome obtained in the 
present invention can b e\ a functional substitute of platelets 
can be judged in reference^ its binding capability and the 
level of the binding capability to the extracellular matrix in 
the existence of plasma components or at a physiological ion 
concen t r a t i on. 

f the Tending capability of the integrin a 2 (3 
-immunoglolubXin chimeric protein heterodimer complex 
liposome obtaineSd in the present invention to the 
extracellular matVix in the presence of the plasma components 
is strong, it s uggerc t s t h a t the liposome can be a platelet 
substitute. Therefore, it can be used as a therapeutic or 
preventive agent againXt the congenital and acquired bleeding 
tendency, due to plateleKabnormality, and also widely as a 
platelet transfusion substitute. 

imilarly theX integrin a2/31-immunoglolublin chimeric 
protein he t e rod i merXcomp I ex liposome obtained in the present 
invention can be a tmerapeutic or preventive agent for 
conditions of d i seasesXwhere vascular endothelial cell 
disorder is a problem. Vor example, it was reported that in 
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the prognosis of PTCA (percutaneous coronary restenosis), the 
excessive accumulation of platelets on the extracellular 
matrix exposed by balloon catherter treatment triggers 
restenosis (Liu, M.W. et al., Circulation, 79, 1374-1378 
(1989)). In Example 22, the effect of the integrin al $ 
1 - i mmunog I o I ub I i n chimeric protein heterodimer complex 
liposome to. cover the extracellular matrix was confirmed, and 
this effect can reduce the excessive accumulation of platelets 
to allow use also as a restenosis preventive. Furthermore, if 
the integrin a2/31-immunoglolublin chimeric protein 
heterodimer complex liposome is labeled by a medically 
allowable method, it can be used for monitoring the region of 
the extracellular matrix exposed by vascular endothelial cell 
injury, and furthermore, if a drug is enclosed in the 
liposome, it can also be applied to the targeting therapy for 
a local injured region. 

\ ^When any integrin a2/31-immunoglolublin chimeric protein 

erodimer comp I ex \l i posome stated in the p r e s e n t i n v e n t i o n 
is used as a p I a t e I e t\s u b s t i t u t e , the administration paths 
include infusion, intravenous administration, etc., and it is 
usually used by being suspended in, any physiologically 
suitable solution such as\a salt solution or plasma, etc. It 
can be used alone or also \n combination with another chimeric 
protein heterodimer complex with an extracellular matrix 
receptor or its immunoglobulin. It can also be used together 
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with another drug containing total platelets. The dose is 
properly selected to suit the symptom, age, body weight, etc., 
and can be 0.1 mg to 10 g per day as the amount of the protein 
for an adult, being able to be administered at a time or in 
several times. It can also be mixed with a pha rmaceu t i ca I I y 
allowed carrier or excipient, etc., to be applied locally to 
the injured region as an externally applied drug such as an 
ointment, liniment or plaster. In this case, the externally 

9 9 

applied drug is prepared to be 1 ng/cm to 1 mg/cm as the 
amount of the protein per one time of coating. 
Examp I e s 

To describe the present invention in more detail, examples 
are given below. The general methods of recombinant DNA 
experiments conformed to those stated in a published book 
("Antibody", Harlow, E. and Lane, D. (1988), Cold Spring 
Harbor Lab. Press, New York). 
Example 1 

Construction of human IgG 1 heavy chain expression vector 

As human IgG ngenome gene, a clone identical with reported 

ase sequence inforrroation (Ellison, J. W. et al., Nucleic 

Acids Res., 1 0, 4071 -\p 7 9 (1 982)) was acquired from a human 

genomic library (CLONTPCH) using a hybridization cDNA probe 

based on the sequence information. This was used as the 
t 

template DNA for PCR. As Wimers for amplifying the DNA 

fragment containing the hin^e region (H) and the constant 
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region portions (CH2 and CH3) of human IgGi gene, a DNA 
oligomer shown in sequence No. 4 of the sequence table 
(hereinafter a sequence No. of the sequence table is simply 
called a sequence No.) with BamH I restriction site and a DNA 
oligomer shown in sequence No. 5 with Xba I restriction site 
were synthesized. 

5' -GCGGATCCCGAGCTGCTGGAACCAGGCTCAG-3' (Sequence No. 4) 
5 ' - CCTCTAGACGGCCGTCGCACTCATTTA-3' (Sequence No. 5) 

Tha template DNA, primers, dNTPs (an equimolar mixture of 
dCTTL dGTP and dTTT) and Taq polymerase (Takara) were 
mixed i n a FSsR buffer (100 mM Tris-HCI, 500 mM KCI, 15 mM 
MgC I 2 , 0,01% gelatin, pH 8.3), and in a thermal cycler (Perkin 
Elmer Cetus), the\nixture was treated at 94 °C for 1 minute for 
DNA d e n a t u r a t i o n , a\ 58°C for 2 minutes for annealing the 
primers and at 72°C f dsr 3 minutes for elongating the primers. 
This treatment was performed 30 cycles. The amplified DNA was 
digested by restriction enzymes BamH I and Xba I, and the DNA 
fragment was purified by ]% Agarose gel according to a general 
method ("Antibody", Ha r I ow, E. \nd Lane, D. (1 988), Cold 
Spring Harbor Lab. Press, New York). It was linked, using a 
T4DNA ligase, with a large DNA fragment of pB I u es c r i p t SK (+) 
(STRATAGENE) purified and digested b y\r estriction enzymes BamH 
I and Xba I. The plasmid DNA was used tso transform 
Escherichia coli (JM109), and the transform^! was selected, 
to obtain a plasmid DNA ( I gGi B I ues c r i p t) . ThXn> expression 
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vector pcDL-SR a296 was digested by restriction enzyme BamH I, 
a n d\b lunted at the termini by T4DNA polymerase treatment, and 
a Not\ linker was linked. The large DNA fragment obtained by 
digesting: it by restriction enzymes Not I and Xho I and the 
small DNA1\ragment obtained by digesting I gG i Bluescript by 
restriction enzymes Not I and Xho I were purified according to 
a general method\and linked by T4DNA ligase. It was 
transformed into Escherichia coli (HB101) , and the 
transformant was selected, to obtain a plasmid DNA. 
Hereinafter this plasmid\lgG iSRa) is called human IgGi 
expression vector. In t he >Jo I I ow i ng examples, since the basic 
protocol of gene man i pu I a t i or\i s the same as above, the 
description will be s i mp Li f i ed .\ 
Example 2 

Construction of integrin a4-lgG heavy chain chimeric protein 
expression vector 

le DNA f ragmen t\ cod i ng for the extracellular portion of 




y\\ t egrin a 4 was obtained by cloning based on reported cDNA 
sequence information (T\kada, Y. et al., EMBO J., 8, 1 3 6-1 - 1 3 68 
(1 989)). The restrictiorksite EcoR I of 1 80 1 - ba s e-po s i t i o n of 
sequence No. 1, the restriction site Stu I of 112-base- 
position and the restrictioX site BamH I of 2949-bas e-pos i t i on 
were used for linking the reg\ion from the N terminus 
translation initiation site to\Stu I cut si t e as a4-1, the 
region from Stu I cut site to Ec\r I cut site as a 4- 2, and the 
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region from EcoR I detached site to BamH I detached site as a 
4-3. The detailed methods are described below. 

The port\on coding for a 4-1 was designed to be cloned by 
linking the DI\lV oligomers of sequence Nos. 6 to 9, and the'DNA 
oligomers shown\in sequence Nos. 6 to 9 were synthesized. For 
the sequence N o s \ 6 and 7, restriction site Xba I was added on 
the side to code vox the N terminus, for linking to a vector. 
Furthermore, comparted with the known sequence information, the 
bases at the 60-, 63\ and 64-positions were substituted from C 
to T, C to A and C to\G respectively, and the bases at the 
112- and 1 1 4-po s i t i o n s e r e substituted frseom C to A and C to 
G respectively. BecauseXof substitution at the 112- and 114- 
position, restriction sine Stu I was inserted on the side to 
code for the N terminus of\ sequence Nos. 8 and 9. The 5' 
termini of the synthesized oligomers were phosphated and 
annealed, and were linked us\ng T4DNA ligase. After 
completion of linking, restriction enzymes Xba I and Stu I 
were used for cutting, and electrophoresis was effected by 5% 
agarose (NuSieve GTGagarose, FMtt) gel. The intended DNA 
fragment (a4-1) of about 120 bp was cut out and purified. 
5' - ctagaccaccatgttccccaccgagagcgcatggc\tgggaagcgaggcgcgaacccgggccccgga 
GCTGCA-3' \ (Sequence No. 6) 

5' - -GCTTCGGGGCCCGGGTTCGCGCCTCGCTTCCCA AGCCA^GCGCTCTCGGTGGGGAACATGGTCGT- 3 ' 

(Sequence No. 7) 

5' - CTCCGGGAGACGGTGATGCTGTTGCTGTGCCTGCCGGTCCC&ACCGGCAGG-3' 
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(Sequence No. 8) 

5' - CCTGCCCGTCGGGACGCCCAGGCACAGCAACAGCATCACCGTCTCCCGGAGTCGA-3 

(Sequence No. 9) 



Then, th&RNA of human osteosarcoma cell line MG63 (ATCC 
CRL 1 4 27) as ai\ integrin a A expressing cell was separated, and 
PolyA( + )RNA wa s Vm r ' f ' e d using o I i go dT cellulose column 
(NEB). Based on\it, a single stranded cDNA was synthesized 
using a reverse transcriptase (GIBCO), and used as the 
template for PGR. )^s primers for amplifying a4-2 and a4-3 
DNAs, four DNA oligomers of sequence Nos. 10 to 13 with Pst I 

nd Stu I r es t r i c t i on\ s i t es inserted (sequence No. 10) or BamH 
I restriction site inserted (sequence No. 13) were 
syn thes i zed. 

5' - cactgcagccaggccttacaacgtVgacactgagagc-3' (Sequence No. 1 0) 

5' - GCAGAAACCTCTAAATCAGCAG -3' 

5'- GCATTTATGCGGAAAGATCTGC-3' 
5' - CGGGATCCGTGAAATAACCTTTGGGTC^T-3' 

e template cDNA, primers, dNTPs and Taq polymerase were 
fxed in\t PCR buffer, and the mixture was treated by a 
thermal cycl\r at 94 °C for 1 minute for DNA denatu ration, at 
5 8°C for 2 minuYes for annealing the primers and at 72 °C for 3 
minutes for elongating the primers. This treatment was 
performed 30 cycles. \The amplified ^DNA fragments of a 4- 2 and 
a 4 - 3 were digested by Ps\ I and EcoR I respectively, or EcoR I 



(Sequence No. 1 1 ) 
(Sequence No. 12) 
(Sequence No. 13) 




and BamH I andV sub-c I oned into pB I uesc r i p tKS ( + ) (STRATAGENE) , 
to prepare plasrhid DNAs (hereinafter called a4-2 Bluescript 
and a4-3 Bluescr\pt). Then, upstream of the a4-2 Bluescript, 
a4-1 was linked using Xba I and Stu I restriction sites, to 
prepare a plasmid dY| A (hereinafter called a 4 - 1 - 2 Bluescript). 
The a4\]-2 Bluescript was digested by restriction enzyme 
ot I, and blunted at the termini by T4DNA polymerase 
treatment, b e i \ g digested by restriction enzyme EcoR I , to 
prepare a smallM)NA fragment. The a4-3 Bluescript was 
digested by restriction enzymes EcoR I and BamH I, to prepare 
a small DNA fragment. The two small DNA fragments were 
simultaneously linked to a large DNA fragment obtained by 
digesting IgGiSRa b y\ restriction enzymes EcoR V and BamH I, to 
obtain a plasmid DNA. VThe obtained base sequence coding for 
integrin a4 • I gG heavy \chain chimeric protein is shown as 
sequence No. 1. The pi a^ mid (integrin o;4-lgGSRa) is 
hereinafter called integrin o;4-lgG heavy chain chimeric 
protein expression vector. 
Ex amp I e 3 

Construction of j8 1 • I gG heavy chain chimeric protein 
e ^p r e s s ion vector 
^/ The RNA of human\ f i brob I as t cell line MRC5 (ATCC CCL 171) 
/as an integrin j3 1 expressing cell was separated, and oligo dT 
cellulose column was us\d to purify PolyA (+)RNA. Based on 
it, a single stranded cDnlA was synthesized using a reverse 
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transcriptase, and used as the template for PCR. As primers, 
two DNA oligomers of sequence Nos. 14 and 15 with BamH I site 
(sequence No. 15) inserted on the side coding for C terminus 
were synthesized according to the sequence information (Cott 
Argraves, W. et al., J. Cell Biol., 105, 1183-1190 (1987)). 
5' - GCGGAAAAGATGAATTTACAAC-3 ' (Sequence No. 14) 

5* - GTGGGATCCTCTGGACCAGTGGG ACAC-3 ' (Sequence No. 15) 



''mixed in a PCRXbuffer, and treated by a t h e r ma I cy c I e r at 94°C 
for 1 minute f o \ D N A denaturation, at 57 °C for 2 minutes for 
annealing the pr\m ers and at 72 °C for 3 minutes for elongating 
the primers. Th i ^ t rea tmen t was performed 30 cycles. The 
amplified DNA was blunted at the termini by T4DNA polymerase 
treatment, and digested by restriction enzyme BamH I. Then, 
the DNA fragment was \u r i f i ed. Subsequently, the DNA fragment 
obtained in PCR before\was sub-cloned at the Sma I and BamH I 
sites of pB I uesc r i p t K S (\) . A small DNA fragment purified by 
digesting it by restriction enzymes EcoR I and BamH I was 
inserted into a large DNAuragment of IgGiSRa treated by 
restriction enzymes EcoR I and BamH I, to obtain a plasmid 
DNA. The obtained base sequence coding for /3 1 • I gG heavy 
chain chimeric protein is shown in sequence No. 2. The 
plasmid (integrin jSl-lgGSRaA is hereinafter called integrin 
j3 1 • IgG heavy chain chimeric protein expression vector. 
Examp I e 4 \ 




temp\ate cDNA, primers, dNTPs and Taq polymerase were 
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Transfection of a 4 • I g G heavy chain chimeric protein 
expression vector and /3 1 -IgG heavy chain chimeric protein 
expression vector into animal cells, and their expression 
Integrin 13 1 • IgGSRa as /3 1 • IgG heavy chain chimeric 
protein expression vector and pSV2dhfr (BRL) were mixed at a 
ratio of 10 : 1, and the mixture and lipofectin reagent (GIBCO 
BRL) were gently mixed and allowed to stand at room 
temperature for 15 minutes. The mixture was added dropwise to 
dihydrofolic acid reductase deficient CHO cells (ATCC CRL 
9096). After 18 hours of dropwise addition, the mixture was 
cultured in a medium (1 0 % F B S (GIBCO), nucleic acid-containing 
aMEM medium (GIBCO BRL)) for about 2 days, and the cells were 
dispersed by trypsin-EDTA treatment. The cells were suspended 
in a first selective medium (10% FBS-containing nucleic acid- 
free aMEM medium (GIBCO BRL)), and the suspension was 
disseminated into a 96-well plate (CORNING), for selective 
culture for about 10 days. Then, the amount of integrin /3 1 • 
IgG heavy chain chimeric protein produced in the culture 
supernatant was d e t e rm i ned according to the ELISA method 
(described later), and the clone showing the highest 
production was stabilized by cloning according to the limiting 
d i I u t i on me t hod . 

hen, into fihe stabilized integrin /31-lgG heavy chain 
" chimeric p r o t e i n \p r oduc i ng CHO cells, the integrin a4-lgG 
heavy chain chimeric protein expression vector was transfected 
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accord i ng to the lipofectin method as descr i bed ■ before. That 
ij^v, integrin a4-lgGSRa: and pSV2neo (BRL) were mixed at 10 : 
ll aSid the mixture was mixed with lipofectin reagent. The 
mi\xtur\e was added dropwise into the cells. After 18 hours of 
d r q p w i s\ addition, the mixture was cultured in the said first 
s e I ac t i veVned i urn for about 2 hours, and the cells were 
dispersed b\ t r y ps i n-EDTA treatment. The cells were suspended 
in alsecond selective medium (nucleic acid-free a MEM medium 
(GIBCp BRL) containing 10% FBS (GIBCO) and 1 mg/ml neomycin 
(GIBCO)), and on\ 96-well plate (CORNING), resistant cells 
were selectively cu\tured for about 10 days. The amount of 
integriVi a4-lgG heavV chain chimeric protein and the- amount 
of integrin /31-lgG he a vsv chain chimeric protein produced in 
the cult u\ re supernatant w eV e determined according to the ELISA 
method (described later), a n \ a clone which produced both the 
chimeric pr osteins by almost theVsame amounts was picked up. 
The clone waAcloned twice accor d iNi g to the limiting dilution 
method, to b e \ t a b i I i z e d as a c I o n e csapab I e of producing a 4 • 
I gG heavy chainA/31 ■ I gG heavy chain chiVeric protein 
h e t e r o d i me j^f* "mp i\ * 
Examp I e 5 

Determination of produced integrin ce4-lgG heavy chain 
chimeric protein and integrin j3 1 • I gG heavy chain chimeric 
protein by the ELISA method 

' Fifty micro lit\r per well of anti-human integrin a 4 



42 



antibody (Bectbn & Dickinson, Clone L25.3) or anti-human 
integrin 13 1 amtibody (Coulter, Clone 4B4) (1 2 jmg/m I each) was 
put into a 96-wlell immunoplate (NUNC) , and allowed to stand 
at 4°C for 16 hours. Then, each well was washed by Dulbecco's 
phosphate buffened saline (Nissui Seiyaku, not containing Ca 
or Mg ions, hereinafter called PBS(-)) twice, and non-specific 
reaction was bloaked by PBS(-) containing 25% Block Ace (Snow 
Brand Milk Products Co., Ltd.). After blocking, the culture 
supernatant of C H 0\ eel Is grown in selective medium was 
properly diluted, and reacted with the coated antibody at room 
temperature for 1 hour. After the reaction, the surface of 
the plate was washea with 0.02% Tween-con t a i n i ng PBS (-) 
(hereinafter cal led V-PBS) twice. It was then caused to react 
with biotinated ant inhuman IgG antibody (Vector) for 1 hour, 
and the reaction mixture was washed with T-PBS twice, and in 
succession caused to neact with avidin-horseradish peroxidase 
(Sigma) for 1 hour. Trie reaction mixture was washed with 
PBS(-) twice. The PBS4-) was perfectly aspirated, and 
orthophenylenediamine was used as a substrate for color 
development. The absorflance at 4 90 nm were measured using a 
microplate reader (Bio-rad NOVAPATH) , and the clone showing a 
high absorbance value was selected. 
Examp I e 6 

Purification of a4 • I gG heavy chain-/31-lgG heavy chain 
chimeric protein heterodimer complex 
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(1) Culture of CHO cells and preparation of cultured 
supernatant solution 

^6^rhe CMO cells highly capable of producing the a4-lgG 

eavy chainV/31 • IgG heavy chain chimeric protein heterodimer 
complex were\cultued in nucleic acid-free aMEM medium 
containing 5X\FBS (Ultra-low IgG grade, GIBCO) (hereinafter 
called aMEM (-)\ med i urn, GIBCO BRL) for one day, to reach 
s em i c o n f I uen t , \nd they were cultured in aMEM(-) medium 
containing 1% FBS (Ultra-low IgG grade) for 3 days, and the 
culture supernatant was collected. It was concentrated to 
1/10 volume by ultrafiltration using Prep-scale (MM I ipore), 
and 1M Hepes solution (pH 8.0) was added to achieve a final 
concentration of 5 mil, for preparing a starting solution for 
further purification. 

(2) Protein A column chromatography 

The starting solution for further purification was passed 
through Prosep Guard column (b i oPROCESS I NG) , and applied to 
Prosep A column (b i oP ROCESS I NG) . After completion of 
application, it was washed with 10 times the column volume of 
PBS(-), and the proteins were eluted at a pH 6 ~ 3 gradient of 
0.1M citrate buffer solutions. The peak fraction eluted at pH 
3 was co I I ec ted, and 1M Tris-HCI solution (pH 8.5) was added 
by 0.1 volume for neutralization. The solution was dialyzed 
against PBS(-). 

(3) Affinity column chromatography 
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A) S FMP act\vated Cellulofine (Seikagaku Kogyo) was 

equilibrated V»y a coupling buffer (50 mM Na2C03~N aHC03 pH 8.5), 
and a peptide showing sequence No. 3 (hereinafter called CS-1 
peptide)^ synthesized by a peptide synthesizer was added. The 
mixture was invented and mixed at 4 °C for 16 hours. 
Cys Leu His Gly Prd Glu He Leu Asp Val Pro Ser Thr (Sequence No. 3) 
After completion of mixing, the mixture was washed with the 
coupling buffer, a\id a blocking buffer (0.1 mM 
monoe thano I am i ne, 5V) mM Tris-HCI, pH 8.0) was added. The 
mixture was inverted and mixed further at room temperature for 
6 hours. Then, the rmixtur'e was suffificiently washed with TBS 
solution (150 mM NaClA 20 mM Tris-HCI, 1 mM M n C 1 2 , pH 7.5), to 
prepare CS-1 peptide bo urn d Cellulofine column. To the column 
the starting solution foi\ further purification was applied and 
allowed to stand at room t\emperature for 3 hours, and washed 
with 10 times the column vo\lume of a washing buffer (1M NaCI, 
0. IX Triton, 20 mM Tris-HClA 1 mM MnCI 2, pH 7.5) and the same 
volume of the TBS solution. \After completion of washing, an 
elution buffer (10 mM EDTA, 1 & 0 mM NaCI, 20 mM Tris-HCI, pH 
7.5) was used, to elute the proteins bound to the CS-1 column. 
The eluate was collected and d i ^ I y z e d aga i n s t PBS (-) 
(4) SDS-PAGE 

The eluted fractions of (3) were subjected to SDS-PAGE 
<Tn d e r non-reducing or Xeducing condition using 6.0 or 7. OX 
acrylamide gel, and t h e \g e I was stained with Coomass i e-b I ue. 
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As a result, under non-reducing condition, two bands 
considered to be attributable to the a 4 • I gG heavy c ha i n- j3 1 ■ 
I gG heavy chain chimeric protein heterodimer complex and its 
polymer were observed. Under reducing condition, two bands 
(170 kDa and 135 kDa) considered to be attributable to the 
integrin a 4 • I g G heavy chain chimeric protein and the integrin 
i8 1 ■ IgG heavy chain chimeric protein and two bands (80 kDa and 
90 kDa) . cons i de red to be attributable to the intramolecular 
cleavage of the integrin a4-lgG heavy chain chimeric protein 
(Hemler, M. E. et al., J. Biol. Chem., 262, 11478-11485 
(1987)) were observed. These results suggest that the eluted 
protein of (3) has a molecular structure considered to be a4 • 
IgG heavy chain- j31 • IgG heavy chain chimeric protein 
heterodimer complex, and that the molecules constituting the 
heterodimer are linked by a disulfide bond between the IgG 
heavy chains. 
Examp I e 7 

Identification of a4 • I gG heavy c ha i n- j3 1 - I gG heavy chain 
chimeric protein heterodimer complex, and examination of its 
structural stability 

(1) I mmunopr ec i p i ta t i on using an t i - i n t egr i n antibodies and 
influence of a cationic chelating agent 
lb ? The basic Method conformed to a published book 
("Antibodies", H&rlow, E. et al., (1988), Cold Spring Harbor 
Lab. Press, New-YoYk). That is, the eluted pfotein of Example 
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6 (3) considered to be a4 • I gG heavy chain-j31-lgG heavy chain 



I ac tope rox i dase method. Then, Affigel-10 (Bio-rad) was washed 
with 0.1 M Hepes solution (pH 8.0), and normal murine IgG, 
anti-human integrin a4 antibody (clone 11C2B) and anti-human 
integrin /3 1 antibody (clone 4B4) were added. Reaction was 
effected at 4°C for 16 hours to cause covalent bonding, to 
prepare normal murine IgG beads and the respective antibody 
beads. Then, the 125 l labeled a4 • I gG heavy chain-j31-lgG 
heavy chain chimeric protein heterodimer complex and normal 
murine IgG beads were inverted and mixed at 4 °C for 4 hours for 
precl earing, and the mixture and the antibody beads were 
inverted and mixed at 4°C for 16 hours. After completion of 
mixing, the beads were washed with a washing buffer (200 mM 
Tris-HCI, 0.5 M NaCI, 0. \% NP-40, 1 mM MgC 1 2 or 10 mM EDTA, pH 
8.0) three times. After completion of washing, a sample 
buffer for e I ec t rophores i s -was added to the beads for 
treatment at 1 0 0 °C for 5 minutes, and the mixture was 
centrifuged. The supernatant solution was analysed by 
electrophoresis under reducing condition. After completion of 
electrophoresis, the gel was dried by a gel dryer, and the 
protein was detected by autoradiography. 

As a result of i mmu nop r e c i p i t a t i 0 n in the presence of 1 mM 
MgC 1 2, from the beads of both the anti-human integrin aA 
antibody and the anti-human integrin j3 1 antibody, the same 



chimeric protein heterodimer complex was 
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l-labeled using the 
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precipitation patterns expected from the structure of a4-lgG 
heavy chain-jSl" - I gG heavy chain chimeric protein heterodimer 
complex were obtained. Thus, the protein obtained in (3) of 
Example 6 was identified as a4 • I gG heavy chain-/31-lgG heavy 
chain chimeric protein heterodimer complex. 

On the othSr hand, the immunoprecipitation pattern 
obtained by us i n& the anti-integrin /3 1 antibody beads in the 
presence of 10 mM >EDTA was the same as that in the presence of 
1 mM MgC 1 2 , to clarNfy that the association between integrin 
a:4 • I gG heavy chain \chimeric protein and integrin /31-lgG 
heavy chain chimeric Wotein does not depend on cations. The 
above results suggest what the eluted protein obtained in (3) 
of Example 6 was certaiVi a4 • I gG heavy chain-/31 • I gG heavy 
chain chimeric protein heterodimer complex, and if the result 
of (4) of Example 6 is al\so taken into account, it is strongly 
suggested that the association between both the proteins is 
stable association through \i disulfide bond existing the 1 gG 
heavy chains. 

Exam i na t i on Vn the structural stability of oc4-lgG heavy 
c h a i n - j8 1 • I gG heavy chain chimeric protein heterodimer complex 
by sequential immunoprecipitation 

According to (1), 125 l labeled a 4 * I gG heavy c ha i n - j3 1 - I gG 
heavy chain chimeric protein heterodimer complex was caused to 
react with normal murine I gG beads, anti-human integrin <x4 
antibody (11C2B) beads or anti-human integrin (3 1 antibody 
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(4B4) beads at 4°C for 4 hours, and the reaction mixture was 
washed. After washing, the reaction mixture was boiled at 
100 °C for 5 minutes in the presence of 1% SDS and centrifuged, 
and the supernatant (primary i mmunopr ec i p i t a t i on sample) was 
diluted to 10 times by ]% BSA-con ta i n i ng PBS, and was again 
reacted with the an t i - i n t egr i n j3 1 antibody beads and the anti- 
integrin a 4 antibody beads at 4°C for 16 hours. After 
completion of reaction, the beads were washed, and a sample 
buffer for electrophoresis was added. The mixture was treated 
at 100 °C for 5 minutes and centrifuged. The supernatant 
solution (secondary i mmunoprec i p i tat i on sample) was analyzed 
by SDS-PAGE/au torad i ography. 

As a result, the e I e c t r oph o r e t i c pattern obtained by the 
primary i mmunoprec i p i tat i on was also similarly observed in the 
secondary i mmunoprec i p i tat i on. This result suggests that the 
association between the a4-lgG heavy chain chimeric protein 
and the 0-1 - I gG heavy chain chimeric protein in the a4 • I gG 
heavy chain-j81 • IgG heavy chain chimeric protein heterodimer 
complex is not dissociated either by boiling in the presence 
of 2% SDS, and strongly supports that the complex has a stable 
heterodimer structure based on a disulfide bond. 
Examp I e 8 

Binding of a:4-lgG\heavy chain-jSI-IgG heavy chain chimeric 
V^Sp^otein heterodimer Complex to VCAM-1 



It was examined t nva t the a4 • IgG heavy chain-/31 * IgG 
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heavy chain chimeric protein heterodimer complex produced by 
CHO cells can be bound to the ligand of integrin a 4 /3 1 by 
using the cells expressing VCAM-1. Human normal umbilical 
intravenous endothelial cells were cultured with IL-1 3U/m I 
for 16 hours, to prepare VCAM-1 expressing cells. The cells 
were treated by. 1 mM EDTA at 37°C for 15 minutes, for 
dispersion as single cells. The cells (2 x 10 5 cells per 
sample tube) were cultured with the supernatant of the CHO 
cells producing a4 • I gG heavy cha i n - /? 1 ■ I gG heavy chain 
chimeric protein heterodimer complex for 30 minutes in the 
presence of 1 mM (final concentration) M n C 1 2 or 3 mM (final 
concentration) EDTA. After completion of reaction, the cells 
were washed twice by c s e n t r i f uga t i on at 1 200 rpm at room 
temperature for 5 minutes using a buffer for binding assay(24 
mM Trjs-CHI, 10 mM Hepes, 150 mM NaCI, 1 mM MnCI 2 or 1 mM EDTA, 
IX BSA, 2 mM glucose, pH 7.4). After washing, FITC labeled- 
anti-human I gG antibody (Cappel) was added, and incubated at 
room temperature for 20 minutes. The cells were washed by the 
same buffer, and the chimeric proteins bound to the cells were 
determined by a flow cytometer (ELITE, Coulter). 

The results are shown in Fig. 1. It was observed that the 
fluorescence intensity showing the binding of a4-lgG heavy 
chain-/31 • IgG heavy chain chimeric protein heterodimer complex 
increased by culturing the VCAM-1 expression cells with the 
supernatant containing a4 • I gG heavy chain-j31-lgG heavy chain 
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chimeric protein heterodimer complex. The binding was 
inhibited by adding anti-human integrin antibodies (anti-a- 
antibody: clone L25.3, 10 Aim/ml + anti-j81 antibody: clone 
4B4, 10 /xm/ml) or 3 mM EDTA. This result suggests that the 
a4 • I gG heavy cha i n - /3 1 • I gG heavy chain chimeric protein 
heterodimer complex can be bound to VCAM-1 like the integrin 
a 4/3 1 existing on the surfaces of cell membranes, and 
furthermore that the binding is a4 £ 1 -spec i f i c and retains a 
feature of the binding that it is dependent on cations. 
Examp I e 9 

Binding of a4 • I gG heavy chain-j81-lgG heavy chain chimeric 
protein heterodimer complex to a peptide fragment of 
fibronectin 

Tie capability of a4 • I gG heavy cha i n - /3 1 • I gG heavy chain 




imeric prote\n heterodimer complex to be bound to the 
peptide f ragmen t\ (sequence No. 3) of the other ligand, 
fibronectin was I so' exam i ned. 

first\ according to the said report (Humphries, M. J f 
ejral., J. Biol\ Chem., 262, 6886-6892 (1 987)), the peptide 
fragment of sequence No. 3 (CS-1 peptide) was bound to rabbit 
IgG (Sigma), to pr\pare CS-1-lgG. The CS-1 - 1 gG was diluted by 
PBS(-), and put in <\96-well immunoplate (NUNC) by 100 n 
l/well, and allowed t\p stand at 4°C for 16 hours, to be formed 





as a solid phase on th\ plate, 



After comp I e 



i^ion of standin 



g, the surface of the plate was 
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washed with PBS(-) twice and treated with denatured 1% 
BSA(heat-nature\l at 80°C for 10 minutes)-PBS solution ( 300 
Ml /well) at 4°c\for 3 hours to block the nonspecific reaction. 
Then, the solid ahase CS-1-lgG and the CHO culture supernatant 
(100 containing a4 • IgG heavy c ha i n- £ 1 • I gG heavy chain 

chimeric protein heterodimer complex were reacted with each 
other at 30°C for 3\hours. The non-bound a4;lgG heavy 'chain- 
j81 • IgG heavy chain \chimeric protein heterodimer complex was 
removed by washing wi\th 0 . IX BSA-containing TBS buffer (150 mM 
NaCI, 25 mM Tris-HCI,\l mM MnC 1 2, pH 7.4) twice, and the bound 
a4-lgG heavy chain-jSK-IgG heavy chain chimeric protein 
heterodimer complex was\detected by biotin labeled anti-human 
IgG antibody (Vector) al the primary antibody and avidin 
labeled horseradish peroxidase (Sigma) as the secondary 
antibody. The surface of fthe plate was washed with the TBS 
buffer. Orthophenylenediam\ne was added as a substrate to it 
for color development, and tfte absorbance at 490 nm were 
measu red. 

The results are shown in Fig. 2. The reaction with a4 • 
IgG heavy c h a i n - /3 1 • IgG heavy chain chimeric protein 
heterodimer complex showed a rise in the absorbance indicating 
the binding to CS-1 peptide. The binding was almost perfectly 
inhibited by the presence of anti-integrin cuA antibody (clone 
L25.3), anti-integrin £ 1 antibody (clone 4B4) or 5 mM EDTA. 
Therefore, it was clarified that «4-lgG heavy cha i n- £ 1 • I gG 
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heavy chain chimeric protein heterodimer complex can be bound 
also to the CS-1 peptide which is a peptide fragment of 
fibronectin, and that a feature of binding that it depends on 
cations is retained. 
Example 10 

Evaluation of an inhibitory peptide by using a system for 
determining the binding of a4 * I gG heavy c h a i n - /3 1 • I gG heavy 
chain chimeric protein heterodimer complex to a peptide 
fragment of fibronectin 

In the b\nding determination system of Example 9, the 
effects of thr^e peptides, i.e., sequence No. 16 (hereinafter 
called GPEILDVPsV), 17 (hereinafter called GPEILEVPST) and 18 
(hereinafter call \d GRGDSP) were examined. 

Gly Pro Glu He Leu aW Val Pro Ser Thr (Sequence No. 16) 

Gly Pro Glu He Leu GVu Val Pro Ser Thr (Sequence No. 17) 

Gly Arg Gly Asp Ser Pro\ (Sequence No. 18) 

^6&^"he all pepticNes J/ere synthesized by a" peptide 
nthesizer. The peptide and 100 ix\ of CHO cultured 
supernatant solution c\n taining aa4 ■ IgG heavy chain-/31-lgG 
heavy chain chimeric pro\ein heterodimer complex were mixed at 
room temperature for 20 mi\nutes, and the binding to CS-1 - 1 gG 
was determined according to\the method in Example 9. The 
results are shown in Fig. 3 . \ GPE I LD VPST showed temperature- 
dependent inhibitory activity \ n a range of 0.1 to 10 £tmg/ml, 
but GPEILEVPST and GRGDSP did noSt show any inhibition of the 
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binding. These results show that the binding determination 
system in Example 9 allows to detect the inhibiting effect of 
the peptide (GPEILDVPST) inhibiting the binding between 
integrin a4/31 and CS-1 peptide specifically . 
Examp I e 11 

Construction of integrin a2-lgG heavy chain chimeric protein 
express i on vector 

The DNA fragment coding for the extracellular portion of 
integrin a 2 waV divided into a 2 - 1 and a 2 - 2 based on the 
reported cDNA sequence information (Takada, Y. et al., J. 
Cell. Biol., 109A 397-407 (1989)) and subcloned, and they were 
integrated on an Expression vector. At first, the RNA of 
human fibroblast c \ I I line MRC-5 (ATCC CCL 171) as integrin a 2 
expressing cell was\ separated, and an oligo dT cellulose 
column was used to purify Po I yA (+) RNA. Based on it, a single 
stranged cDNA was synthesized and used as the template of PCR. 
As PCR primers, DNA oligomers of sequence Nos'. 20 and 21 were 
synthesized for a2-1, \nd DNA oligomers of sequence Nos. 22 
and 23, for a2-2. 



(Sequence No. 20) 
(Sequence No. 21) 
(Sequence No. 22) 

^ (Sequence No. 23) 

<^ S\ he template cDNA, primers, dNTPs and Taq polymerase were 
mixed in a PCR buffer and PCR was performed 30 cycles by a 



5* -GCTCGAGCAAACCCAGCGCAACTACvG-3 r 

5* -ATACTGCCCTGATGACCATTG-3' 

5' -GATGGCTTTAATGATGTGATTG - 3' 

5* -TGTTGGTACTTCGGCTTTCTC- 3' 
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thermal cycler (reaction conditions: 94 °C 1 minute - 6 0 °C 2 
minutes - 72°C 3 minutes). The amplified DNA fragment of a2-1 
was digsted by restriction enzymes Xho I and EcoR I , and the 
DNA fragment of a2-2 was blunted at the termini by T4DNA 
polymerase treatment and digested by restriction enzyme EcoR 
I. Each fragment was purified. The two purified DNA fragments 
were caused to react in a phosphating reaction solution (50 mM 
Tris-HCI, 10 mM MgC 1 2, 25 mM DTT , 1 mM ATP, 0.1 U/jliI T4 • 
polynucleotide kinase (Takara), pH 8.0) at 37 °C for 1 hour, and 
the reaction mixture was heat-treated at 68 °C for 5 minutes to 
inactivate the enzyme. Then, IgGiSRa prepared in Example 1 
was digested by restriction enzyme BamH I and caused to react 
in Klenow reaction solution (66 mM Tris-HCI, 10 mM MgCI 2, 10 mM 
DTT, 0.2 mM dNTPs, 0.05 U/ jjl I Klenow fragment (Takara), pH 7.5) 
at 3 7 °C , for 30 minutes, to blunt the termini, and the_ reaction 
mixture was heat-treated at 70°C for 5 minutes to inactivate 
the enzyme. Furthermore, a large DNA fragment was digested by 
restriction enzyme Xho I, and pudified. The two (a2-1 and 
a2-2) DNA fragments phosphated before were inserted into the 
large DNA fragment, to obtain a plasmid DNA. The obtained 
base sequence coding for integrin a2-lgG heavy chain chimeric 
protein is shown in sequence No. 19. This plasmid (integrin a 
2*lgGSRa) is hereinafter called o:2-lgG heavy chain chimeric 
protein expression vector. 
Examp I e 1 2 
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Transfection of integrin oc2-lgG heavy chain chimeric protein 
expression vector and integrin £ 1 • IgG heavy chain chimeric 
protein expression vector into animal cells, and their 
man i f es t a t i on 

The integrin a 2 • I g G heavy chain chimeric protein 
expression vector was transfected into the integrin /3 1 • IgG 
heavy chain chimeric protein producing CHO cells prepared and 
stabilized in Example 4, according to the lipofectin method 
described in Example 4. That is, integrin o;2*]gGSRa and 
pSV2neo (BRL) were mixed at 10 : 1, and the mi-xture was mixed 
with lipofectin reagent. The mixture was added dropwise to 
the cells. Eighteen hours after completion of dropwise 
addition , the mixture was cultured in a first selective 
medium for 2 days, and the cells were dispersed by trypsin- 
EDTA treatment. The cells were suspended in a second 
selective medium, and the suspension was disseminated into a 
9 6 -we I I plate. Resistant cells were selectively cultured for 
about 10 days. Then, the amount of integrin a2 • IgG heavy 
chain chimeric protein and the amount of integrin 01-lgG 
heavy chain chimeric protein produced in the culture 
supernatant were determined according to the ELISA method 
(described later), and a clone p roduc i ng a I mos t the same 
amounts of both the chimeric proteins was picked up. The 
clone was cloned twice according to the limiting dilution 
analysis, to be stabilized as a clone capable of producing a 
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2 * I gG heavy chain-/31 • I gG heavy chain chimeric protein 
he t erod i mer comp I ex. 
Examp I e 1 3 

Determination of the amounts of integrin a 2 • I g G heavy chain 
chimeric protein and integrin j81 • IgG heavy chain chimeric 
protein by the BL ISA method 

ifty\microliter per well of anti-human integrin a 2 
fibody (Breton & Dickinson, clone P1E6) or anti-human 
integrin j8l\antibody (clone 4B4)(2£ig/ml each) was put into a 
9 6 -we I I immunl&plate , and allowed to stand at 4°C for 16 hours. 
Then, each wel\ was washed with PBS(-) twice, blocked, and the 
culture supernatant of the CHO cells grown in second 
selective medium \w as properly diluted and reacted with the 
coated-antibody aKroom temperature for 1 hour. After the 
reaction, the surface of the plate was washed with T-PBS 
twice, and caused t<\ react with biotinated anti-human IgG 
antibody for 1 hour avid with avidin-horseradish peroxidase for 
1 hour, and the reaction mixture was washed with* PBS(-) twice. 
After completion of reaction, orthophenylenediamine was used 
as a substrate for color\ development, and the absorbance 
values at 490 nm were measured using a microplate reader. A 
clone showing a , high absor\bance value was selected. 
Examp I e 14 

Purification of a 2 • I gG heavy chain-jSI-IgG heavy chain 
chimeric protein heterodimer complex 
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(1) Culture of CHO cells and p r epa r a t i on of cultured 
supe mat an t solution 

The CHO I c ells highly capable of producing a2-lgG heavy 
c h a i n - /3 1 • I gu heavy chain chimeric protein heterodimer complex 
were cultured\in an aMEM(-) medium containing 5% FBS (Ultra- 
low IgG grade)\for 1 day, to reach sem i con f I uen t , and they 
were cultured olo an aMEM(-) medium containing 1 % F B S (Ultra-low 
IgG grade) for 3\days. The culture supernatant was collected, 
and concentrated \to 1/10 volume by ultrafiltration. Then, 1M 
Hepes solution (pH 8.0) was added to achieve a final 
concentration of 5\mM, to obtain a starting solution for 
further purificatioV 

(2) Protein A colum chromatography 

The starting solution for further purification was passed 
through Prosep Guard column, and applied to Prosep A column. 
After completion of application, it was washed with 10 times 
the column volume of PBS (-) , and in succession, the proteins 
were eluted at a pH 6 to 3 gradient of 0.1M citrate buffers. 
The peak fraction eluted at pH 3 was collected, and 1M Tris- 
HCI solution (pH 8.5) was added by 0.1 volume for 
neutralization. The mixture was dialyzed against PBS(-). 

(3) Affinity column chromatography 

According to a report XKirchhofer, D. et al., J. Biol. 
Chem. , 265, 615-618 (1990)), a collagen immobilized column 
with a collagen (Typel, Sigma) coupled to cyanogen-bromi de- 
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activated Sepharose (Sigma) was prepared. Then, the starting 
solution for further purification was equilibrated in a TBS 
buffer (150 mM NaCI, 50 mM Tris-HCI, 1 mM MgCl2, 1 mM MnC 1 2, pH 
7.5), applied to a column, allowed to stand at room 
temperature for 3 hours, and washed with 10 times the column 
volume of a washing buffer (150 mM NaCI, 50 mM Tris-HCI, 1 mM 
MgCl2, 1 mM MnC I 2 , 100 mM octyl g I ucopy r anos i d e, pH 7.5). 
After completion of washing, an elution buffer (20 mM EDTA, 
150 mM NaCI, 50 mM Tris-HCI, 50 mM octyl g I ucopy r anos i de, pH 
7.5) was used to elute the protein bound to the column. The 
eluate was collected and dialyzed against PBS(-). 
(4) V SDS-PAGE 

J>e eluted fraVtion of (3) was subjected to SDS-PAGE using 
acrylamide gel u\der non-reducing or under reudcing 
condition, and the gel Vas stained with Coummass i e-b I ue. As a 
result, a band cons i der eel to be attributable to a2-lgG heavy 
cha i n- j3 1 *• I gG heavy c h a i \ c h i me r i c protein heterodimer complex 
was observed. Under reducing condition, two bands (185 kDa 
and 135 kDa) considered to W attributable to integrin a2-lgG 
heavy chain chimeric protein\and integrin /? 1 • IgG heavy chain 
chimeric protein were observer. These results suggest that 
the eluted protein has a molecular structure considered to be 
a a 2 • I gG heavy chain-j31-lgG h\eavy chain chimeric protein 
heterodimer complex, and is link\d by a disulfide bond between 
the I gG heavy cha ins, 
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Examp I e 15 

Identification of a2 • I gG heavy chain-j31-lgG heavy chain 
chimeric protein heterodimer complex, and examination of its 
structural stability 
5v^he kluted protein of (3) of Example 14 was 125 l— labeled, 





and subjected to immunoprecipitation usJng the beads coupled 
with normal rWine IgG, anti-human integrin a 2 antibody (clone 
P1E6) or anti-Viuman integrin j8 1 antibody (clone 4B4) as 
described in Ex\mple 7, and to SDS-PAGE/a u t o r ad i og r ap hy : u n d e r 
reducing cond i t i <\i. 
^ /As a resu\t, in both 1 mM MgC 1 2 and 10 mM EDTA, from the 
eads of both a n Yi - human integrin a 2 antibody and anti-human 
integrin /3 1 antilrody, the same precipitation patterns expected 
from the structure \f a 2 • I gG heavy chain-jSI-IgG heavy chain 
chimeric protein heterodimer complex could be obtained. These 
results show that the \luted protein obtained in (3) of 
Example 14 is certainly\o:2-lgG heavy c h a i n- /3 1 - IgG heavy 
chain chimeric protein he\erodimer complex, and with the 
results of (4) of Example M also taken into account, it is 
strongly suggested that the \ s s 0 c i a t i 0 n of both the proteins 
is stable through a disulfide \bond existing the IgG heavy 
chains. 
Examp I e 1 6 

Examination on the capability of o:2-lgG heavy c ha i n- 0 1 - I gG 
heavy chain chimeric protein heterodimer complex to be bound 
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to a collagen, and its 

The capability of a2 • I gG heavy cha i n - jS 1 • I gG heavy chain 
chimeric protein heterodimer complex to be bound to a collagen 
which is a ligand of integrin a 2/31 was examined. 
K^^^^t fi\st, a collagen (Cell Matrix Typel 3 mg/ml) was 

diluted to 0\ 1 jjl g/ml by 0.02M acetic acid solution, and put in 
an i mmu nop I a t\ by 100 m I /we I I , being kept at 4°C for 16 hours. 
Then, the colleen solution was removed by suction, and the 
plate was. wash ed\wi th PBS(-) twice for neutralization. Heat- 
denaturated 1% BS^PBS solution was put in the plate by 300 /x 
I /we I I for blocking\at room temperature for 3 hours. After 
completion of blockirre, it was rinsed with PBS(-) twice, to 
prepare a collagen coa\ed plate. 

The cultured supernatant of CHO (100 /x I ) containing a2 • 
I gG heavy c h a i n- /3 1 ■ I gG heavy chain chimeric protein 
heterodimer complex was reacted at 3 0 °C for 3 hours. After 
completion of reaction, as described in Example 9, the amount 
of bound a2 • I gG heavy cha i n - /? 1 - I gG heavy chain chimeric 
protein heterodimer complex was determined. 

As a result, as shown in Fig. 4, the absorbance showing 
the binding of al • I gG heavy chai.n-j31 * I gG heavy chain 
chimeric protein heterodimer complex to the collagen was 
increased. The binding was almost perfectly inhibited in the 
coexistence of 10 /xg/ml of anti-human integrin al antibody 
(clone P1E6) and anti-human integrin /3 1 antibody (clone 4B4) , 
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or in the presence of 5 mM EDTA respectively. This result 
shows that a 2 • I gG heavy chain— j81 - IgG heavy chain chimeric 
protein heterodimer complex can be bound to a collagen like 
the integrin a2/31 existing on the surfaces of cell membranes, 
and furthermore that the binding is a2j81-specific and that 
the feature of the binding that it depends on cations is 
r e t a i n e d . 
Examp I e 17 

Acquisition of a peptide capable of being bound to o;4-lgG 
heavy chain - j3 1 • IgG heavy chain chimeric protein heterodimer 
complex, and evaluation of its inhibitory activity 




At first, Jk4 • IgG heavy chain-/31 • IgG heavy chai n 
chimeric pro te i n \he te rod i me r complex purified in Example 6, or 
human IgG was prep\red at a proper concentration by PBS(-) and 
was coated on a p I a s\ i c plate at 4 °C for 16 hours, being formed 
as a solid phase on a \d I as t i c ' p I a t e. Then, according to a 
report (Cott, J. K. andXsmoth, G. P., Science, 249, 386-390 
(1990)), a phage pep t i d e \l i b r a r y in which a random six amino 
acid residues were cyclyzefll by the disulfide bond of cysteine 
at both the ends was prepare! and suspended in 0.1% BSA- 
containing TBS buffer. The pNjage peptide library was reacted 
with human IgG at 30°C for 3 hoVirs, to absorb phage peptides 
capable of being bound to IgG. Vhen, the non-absorbed phases 
were reacted with a4 • I gG heavy claain-jSI-lgG. heavy chain 
chimeric protein heterodimer complax at 30 °C for 3 hours, and 
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the reaction mixture was washed with 0.1% BSA-con t a i n i ng TBS 
buffer twice to remove the phage peptides incapable of being 
bound to the heterodimer complex. Only the phage peptides 
capable of being bound were collected after elution with 0.1M 
g I y c i ne-hyd roch I o r i c acid (pH 2.2). After collection, the 
phage was amplified and the above mentioned binding operation 
was repeated further twice. The only the phage peptides 
capable of being bound to the heterodimer complex were 
selectively concentrated. In the final e I u t i on "ope r a t i on , 
phage peptides capable of being bound to the heterodimer 
complex were eluted using 10 mM EDTA and 0.1M glycine- 
hydrochloric acid in two steps, and the amino acid sequences 
of the respective peptides were analyzed. Of them, eight 
sequences (sequence Nos. 24 to 31) are shown in Table 1. 
Furthermore, they were examined using the binding assay system 
of Example 9, and the IC50 values of the four peptide 
sequences showing binding inhibitory activity are shown in 
Tab I e 1. 
Table! 



Elution 
condition 


Sequence 


Inhibitory 
activity 
IC50 (A6M) 


Sequence 
No. 


EDTA 


Cys* 


1 1 e 


Pro 


Gl u 


Leu 


E 1 e 


Val 


Cys* 


1 . 2 


24 


Cys* 


Met 


Arg 


Tyr 


Thr 


Ser 


Ala 


Cys* 


2. 3 


25 


Cys* 


G 1 u 


Trp 


Met 


Lys 


Arg 


Phe 


Cys* 




26 


Cys* 


Tyr 


Thr 


Th r 


Arg 


Leu 


Lys 


Cys* 




27 
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Glycine- 
hydrochloric 
acid 


Cy s* 


Leu 


Arg 


Tyr 


Ser 


Val 


Pro 


Cys* 


1. 8 


28 


Cys* 


1 1 e 


Va 1 


As n 


A rg 


Leu 


Gf y 


Cys* 




29 


Cys* 


G 1 y 


Leu 


Gin 


A 1 a 


Leu 


Pro 


Cys* 


10 


30 


Cys* 


Ly s 


Leu 


Lys 


G 1 y 


Thr 


Met 


Cys* 




31 



Cys* indicates a disulfide bond. 



E x a m p \ e 18 

Acquisition of a low weight molecular compound capable of 
inhibiting the binding between the peptide fragment on 
f i b ronec t i rk and a4 • IgG heavy chain-/31 • I gG heavy chain 
chimeric pro\ein heterodimer complex 

Reagents and reported compounds were picked up at random, 
adjusted to a final concentration of 5.0 or 100 Mg/ml, and 
added to the binding determination system in Example 9. 
Compounds showing inhibitory activity were obtained. Of the 
obtained compounds, the binding inhibitory activities of the 
four compounds of No r e t h y n o d r e I (Sigma), D-Penici I lamine 
(Aldrich, Weigert, W. M. et al., Angew. Chem. Int. Ed. Eng., 
14, 330-336 (1975), r-2-Naphthyl butyric acid (Fieser, L. F. 
J. Am. Chem. Soc. , 70, 3197-3203 (1948)), 1 -Adaman taneace t i c 
acid (Aldrich) were shown in Table 2. 
Table 2 



Name of compound 


Concentration (jug/m 1 ) 


Inhibition rate (%) 


Norethynodrel 


50 


28 


D-Pen i c i 1 lamine 


50 


51 


T-2-Naphtyl butyric acid 


1 00 


37 


!-Adamantaneacetic acid 


1 00 


. 65 
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Examp I e 19 

Preparation of al • I gG heavy c h a i n - /3 1 • I gG heavy chain 
chimeric protein heterodimer complex liposome 

A liposome was prepared according to the Martin et al.'s 
method (Martin, F. J. et al., Biochemistry, 20, 4229, (1981)). 
At first, an activated SH group was introduced into 
dipalmitoyl phosphatidyl ethanolamine (DPPE, Sigma) using di- 
crossl inking reagent N-succineimidyl 3-(2- 
py r i dy I d i th i o) prop i ona te (SDPD, Sigma), to prepare 
pyridyl thiopropionyl dipalmitoyl phosphatidyl ethanolamine 
(PDP-DPPE). The PDP-DPPE, dipalmitoyl phosphatidyl choline 
(DPPC) and cholesterol were mixed, to prepare a lipid film, 
and it was treated by a sonicator. Then, a filter was used to 
obtain a liposome uniform in d i ame t e r (PDP-DPPE liposome). 
Then, a 2 ■ I gG heavy c h a i n - £ 1 • I gG heavy chain- chimeric protein 
heterodimer complex or human I gG (Cappel) used as a negative 
control were dissolved in a Hepes buffer (100 mM Hepes, 150 mM 
NaCI, pH 8.0), and SDPD was added for reaction for 30 minutes. 
The reaction solution was applied to PD-10 column (Pharmacia), 
and eluted by 0.1M acetic acid-sodium acetate buffer (pH 5.5). 
To the eluate, d i t h i o t h r e i t o I was added for treatment for 20 
minutes, and the mixture was applied to PD-10 column again and 
eluted by a Hepes buffer (100 mM Hepes, 150 mM NaCI, pH 8.0), 
to obtain SDPD coupled al • I gG heavy chain-£1 • I gG heavy chain 
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chimeric protein heterodimer complex. The SDPD modified 
heterodimer complex and the PDP-DPPE liposome were caused to 
react with each other at room temperature for 24 hours, and 
the reaction mixture was separated by Sepharose 4B column 
(Sigma). From the peak fraction, al • I gG heavy chain-/31 • I gG 
heavy chain chimeric protein heterodimer complex liposome was 
obtained. 

\ "^)The\amoun t of a2 • IgG heavy cha i n- /3 1 ■ I gG heavy chain 
'chimeric pSrotein heterodimer complex bound on the liposome was 
determined Bsv a densitometer (ATTO) after SDS-PAGE/Co umma s s i e 
staining, and\adjusted to final concentration of 1 mg/ml. 
Examp I e 20 \ 

Flow cytometry of a 2 • I gG heavy chain-j81 • I gG heavy chain 
chimeric protein heterodimer complex liposome 

al ■ IgG heavy chain-£1 ■ IgG heavy chain chimeric protein 
heterodimer complex liposome was dispersed in 1 mM EDTA- 
containing PBS(-), and caused to react with anti-human 
integrin al antibody (clone P1E6) or anti-human integrin £ 1 
antibody (clone 4B4) at room temperature for 30 minutes. 
After completion of reaction, the reaction mixture was 
centrifuged at 15000 rpm for 10 minutes, being followed by 
washing with 1 mM EDTA-con t a i n i ng PBS(-) and suspended into 
the solution again. Into the suspension, FITC labeled anti- 
murine IgG antibody (Cappel, 10 Atg/ml) was added as a 
secondary antibody, and reacted at room temperature for 30 
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minutes. Aftercompletion of reaction, the reaction mixture 
was similarly washed by centrifugation, and flow cytometry 
ana I y s i s (EL I TE, Coulter) was performed. 

As a re suit, the positive reactions for both the 
antibodies were detected, confirming that a2-lgG heavy chain- 
/3 1 • I gG heavy chain chimeric protein heterodimer complex was 
bound on the I i posome. 
Examp I e 2 1 

Binding activity of a2 • I gG heavy cha i n - j3 1 • I gG heavy chain 
chimeric protein heterodimer complex to a collagen 
s^P* collagen (Cell Matrix Typel, 3 mg/ml) was diluted by 

0.02M a c e t i c \a c i d solution, and the solution was put in an 
immunoplate by Vl 00 /x I /we I I , being kept at 4°C for 16 hours. 
Then, the colla g\ n solution was removed by suction, and the 
plate was washed W\it h PBS(-) twice for neutralization, and 
hea t-denatura ted U\BSA-PBS solution was put in the plate by 
300 Ml /we I I for blocking at room t emp e r a t u r e f o r 3 hours. 
After completion of blocking, the plate was rinsed with PBS(-) 
twice, to prepare a coll a\e n coated plate. 
^3.^ Normal human pKasma (George King) and von Willebrand's 




factor deficient (se\tere) plasma (George Kind) were treated 
with ant i -human I gG an\ibody and protein A, and dialyzed 
against PBS(-) for 24 howrs, to remove the con ta i ned sod i urn 
citrate. In order that t la e Ca ion and Mg ion concentration 
might be a physiological concentration in the blood when used, 
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C a C 1 2 and M gC 1 2 w e r a added to achieve final concentrations of 
1.2 mM and 0.2 mM respectively. Into the normal human plasma 
and von Wi I lebrand's Vfactor deficient plasma adjusted in 
cation concentration, \ a2 - I gG heavy chain-jSl • IgG heavy chain 
chimeric protein heteAodimer complex liposome or human IgG 
liposome was suspended \ 1 0 achieve protein concentrations of 1 
to 100 ng/ml. Any of tl\e suspensions was put in the collagen 
coated plate by 100 /xl/vAell. The plate was shaken by a plate 
shaker at 100 rpm, for reaction at room temperature for 15 
minutes. After completion\of reaction, the non-bound liposome 
was removed by washing with\a PB solution (1.2 mM C a C 1 2 , 0.2 mM 
M gC I 2 , 1 % BSA-con t a i n i ng PBS,\pH 7.4), and the bound liposome 
was immobilized by 1% gl utara l\j e hy d e-PBS at room temperature 
for 30 minutes. After completion of immobilization, a heat- 
denaturated BSA-PBS solution was\used for blocking at room 
temperature for 1 hour. Then, as\desc r i bed in Example 16, it 
was caused to react with biotin labeled human IgG antibody 
used as a primary antibody and avidi\n labeled horseradish 
peroxidase used as a secondary antibo\dy, and washed with a TBS 
buffer. Into it, orthophenylenediamime was added as a 
substrate for color development, and the absorbance at 490 nm 
were measured. To examine the effect of\5 mM EDTA, anti- 
integrin al antibody (clone P1E6, 10 jJ.&Jm\) and a n t i - i n t eg r i n 
/3 1 an t i body (c I one 4B4, 10 A6g/ml), it waA caused to react with 
the liposome suspension at room temperatune for 15 minutes 
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before reaction with the collagen. 

JeV^The results are shown in Figs. 5 and 6. In the normal 
tfuman plasma\ the human IgG liposome as a negative control was 
not found to Ke bound to the collagen, but the binding of al ■ 
IgG heavy chaiirrjSI • IgG heavy chain chimeric protein 
heterodimer comp\ex liposome to the collagen was increased 
with the concentration dependent on manner. Also when the von 
Willebrand's factoX deficient plasma was used, equivalent 
binding was detected\ Furthermore, the binding to the 
collagen observed whe\ 30 ng/m I of a2 • 1 gG heavy chain-jSI-IgG 
heavy chain chimeric pXotein heterodimer complex liposome was 
added to the normal plasVia was completely inhibited by adding 
EDTA as a cation chelating agent or the antibodies. The 
results show that in plasrrA with a physiological cation 
concen t r t i on, al • IgG hea vy\cha i n- £ 1 • IgG heavy chain chimeric 
protein heterodimer complex liposome is bound to a collagen 
like platelets, and strongly suggest that it can be a 
substitute of adhesive platelet k, and can be a reagent for 
monitoring the collagen exposed \egion. Furthermore, it is 
indicated that since equivalent biVi ding activity was shown 
also in von Willebrand's factor de Ancient plasma, the 
liposome can also be used in the pla\ma with coagulation 
abnormality such as von Willebrand's disease. 
Ex amp I e 2 2 

Analysis of collagen covering state by a2-lgG heavy chain-/? 
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1 -IgG heavy chain chimeric protein he t e rod i me r complex 
I i p o s o m e 

Five microliters of a collagen solution was spotted at the 
center of each of the wells of a Lab-Tek chamber slide 
(Intermed, 8-well type, plastic) and allowed to stand for 16 
hours, then washed and treated for blocking. Then, a 
suspension in which al * IgG heavy chain-/31 - IgG heavy chain 
chimeric protein heterodimer complex liposome was suspended in 
normal human plasma to achieve a protein concentration of 30 
ng/ml as described in Example 21 was put in the slide by 200 fi 
I /well, for reaction under the same conditions. After 
completion of reaction, the non-bound liposome was removed by 
washing with a PB buffer, and the retained was immobilized and 
treated for blocking. Then, it was bound to biotin labeled 
anti-human IgG antibody as a primary antibody and with avidin 
labeled horseradish peroxidase as a secondary antibody, and 
was washed with a TBS buffer. After completion of washing, 
d i am i nobenz i d i ne was added for staining, to observe the 
covering state of the a2 • IgG heavy chain-jSI-IgG heavy chain 
chimeric protein heterodimer complex liposome bound on the 
co I I agen. 

With the human. IgG liposome, the collagen coated portion 
was not stained, but with al • IgG heavy c h a i n - /3 1 • IgG heavy 
chain chimeric protein heterodimer complex liposome, the 
collagen coated portion was entirely stained. Therefore, 
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since the o;2-lgG heavy cha i n- /? 1 • I gG heavy chain chimeric 
protein h e t e r od i me r complex liposome covered the collagen 
coated portion only, it was strongly suggested that the 
liposome could be a substitute of adhesive platelets. 
Industrial Av a i I a b i I i t y : 

The present invention provides i n t egr i n- i mmunog I obu I i n 
chimeric protein heterodimer complexes in which the a chain 
and the $ chain of an integrin are stably associated. The 
obtained integrin-immunoglobulin chimeric protein heterodimer 
complexes can be directly used as drugs, and can also be used 
for determining the binding between an integrin and a ligand, 
and searching for a substance capable of being bound to an 
integrin anda substance inhibiting the binding between an 
integrin and a ligand. They can also be used as diagnostic 
reagents. 

Furthermore, among the heterodimer comlexes, especially 
integrin a2j31-immunoglobul in chimeric protein heterodimer 
complex can be used as a substitute of platelets. 
Furthermore, integrin a 2 (3 1 - i mmu n og I o bu I i n chimeric protein 
heterodimer complex can be used as a therapeutic or preventive 
agent for bleeding tendency involved in thrombocytopenia, 
platelet function abnormality, etc. Furthermore, it can also 
be used as a reagent, for monitoring the exposed region of an 
extracellular matrix and for the targeting therapy. 
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